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ACTCRATCCTICACTO TG TORC TR TLACARTCBCTOR 70 AR AR Lt JE 1 45BR0E
I CCTRGCTOTCAGCUTEGCEOTCRAGLLOTONTO AtPase 2 {Pmca?) 114659054
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[CTCATIACTGTGET BT TCTGBTRAGCABAGTCCTGGS 325|119 (RNA hr3:2940 1302+
ATTATBTAGLOAGUEOCTITOTY 208401361

P CACCATOACCACTACTAGOACLACCACCACCRTCATS] | J26jnegens predicion TehriD 10230383~
ATCATCATATYTCTGAGACAGGATCTCAGCA 110230450
AT AT OB TO L TO TGAAGCCATTITIACABARGE]  331ino gene gredicion ST AN D267~
CATTYCATGTCCOUATGGLAGDATTTRTGAGCGR 40342338
GATCTCATICCTLTTOCG T TG GUATCARGTCTCTACAG | | 3280 gens prodicion SR Ra06281 2
CATTAGGCBCATCTTCTLCCOUTOAGGTRAGAG 1 235682
TGy CCAT AT CORT O T LAY AT OLATOOGTAT - T2bine pans predicion B 7015445, |
CATCTBTCTATE TS TCCATCTGTCCATECATCOAGTS TT945517

AR GGG GOATCAT AT CAGRAGBUACTOTTTCACAGCA, | 330ina gans 710180 384
GECCTOCCTAGCTGLTGTCTCTATOACETICE D[ 100163493
ACATCTCCATRTTTGCARAGUAAGLCU TUTAACTCACT 331ne gane prevdiction LS IR AZIA2
GATCCATCICCCACAGCLOOTITGOTOA { ]amzm

A T OGRS T AT AT CCATCCATOORTCOATECAT J32n grne predicion TeleT 119083000~
CCATCCATCCATCCS T TETCCATCTATECATICATES 113883458
TTA

IGACARTAACLCETEACCOLCLTGACAGTTAGCTGETT || Dijne gane pradicion R\ EBETTRTOA
meegcmecarssms&mmsmmcmmm lssmm
COAGGT T BCART LG CACGAL AR BEAGGABTGTICG ] 334ina gene chid 3.7 2550458~
TCTITCTCCACATCCTRACGAACATCTRRTGTCA 72550536
BACE IGO0 TACABTOLUGG TECECTEATOO T TTOT mim tons predision T A4 27 S5
IS CGTACATTCTCARCAGTCTICTCACGGOTST 114426033 J

FIG. 3H CONT.
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part of Lx4, L1 LINE repeat

pavt of Led, L1 LINK repeat

dupiicalod sequence

part of {ATGGTEIN simple repurat

partof (YOG repoat

part of Lxd, L1 LINE repamt

part of {FTGEAN siopla repeat

ipar! of {x8, L1 UNE repeat

part of BAA SINE repest

{part of {TCCAMN repeat

{mizafignmend}

FIG. 3H CONT.
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FIG. 4A RT-PCR

wt ko

US 9,447,454 B2

At

PN
SR e B T = I L B

% 80+

Nova CLIP tag

% fotal

FEG 48 wi ko

neogenin

wt ko

)

7] Neuronal isoform

£l Non-neuronal
isoform

protein

Nova CLIP tag

%% total

{103 %

wi ' Ko



U.S. Patent Sep. 20, 2016 Sheet 39 of 55 US 9,447,454 B2

Sijse)
foupny
ups
iy
Buny
usa|ds
uelq

eay

FIG. 4D



U.S. Patent Sep. 20, 2016 Sheet 40 of 55 US 9,447,454 B2

Figure 5A: 21 multiple hit Nova CLIP-tags organized by primary encoded function

Inhibitory Gephyrin, MAP1b, GABA-B receptor 2, G-protein
coupled inwardly rectifying K+ channel, nicotinic
acetylcholine receptor beta 2 subunit {(Acrb2)

Postsynaptic Flamingo 1, plasma membrane Ca2+ATPase 2,
Shank1, brain sodium channe! 1 alpha subunit, protein
kinase C zeta, calneuron 1

Presynaptic Neurexin iI, H/T-cadherin, Teneurin 2, rabaptin-5
Signaling, Protein Ataxin 2-binding protein, ribosomal S6 kinase 3,
synthesis, other ribosomal protein L13a, parathymosin, diacylglycerol

kinase iota, TARPP
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Figure 6 ,
‘ normalized to:

A . B
volume [protein]

Cyt  Nuc Oyt Nuc MW

75kDa
MNova
50kDa
Hsp90
brPTB P
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Figure 7
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FIGURE 8B
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FIGURE 8B, continued
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1
METHOD OF PURIFYING RNA BINDING
PROTEIN-RNA COMPLEXES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of, and claims priority
to U.S. application Ser. No. 12/509,856 filed Jul. 27, 2009,
which is now abandoned, which is a continuation of and
claims priority to U.S. application Ser. No. 10/971,736 filed
on Oct. 25, 2004 which is now abandoned, which claims
priority to U.S. Provisional Application No. 60/513,183,
filed on Oct. 23, 2003.

FIELD OF THE INVENTION

The present invention provides methods for purifying
RNA molecules interacting with an RNA binding protein
(RBP), and the use of such methods to analyze a gene
expression profile of a cell. The invention also provides
sequences of RNA molecules that methate binding to an
RBP, proteins encoded by the sequences, a method of
identifying the sequences, and the use of the sequences in a
screen to identify bioactive molecules. The invention also
provides RNA motifs found among the sequences and
compounds that bind the RNA motifs. In addition, the
invention provides methods of treating diseases associated
with a function of an RNA binding protein.

BACKGROUND OF THE INVENTION

RNA binding proteins (RBPs) are frequently targets of
human autoimmune or genetic neurologic diseases. Notable
examples among autoimmune disease include systemic
lupus erythematosis, primary biliary cirrhosis (PBC) and
Sjogren’s syndrome, and among neurologic disease include
the paraneoplastic neurologic antigens Nova and Hu, and the
Fragile X mental retardation FMR1 protein, the spinal
muscular atrophy SMN protein, the myotonic dystrophy
CELF proteins, and the spinocerebellar ataxia SCA1 protein.
Understanding the role these proteins play in disease, nor-
mal biology, and in the brain requires methods to identify the
set of RNAs they bind to in vivo, and the use of mouse
models of these disorders for RNA target validation. The
targets of RBPs involved in a number of autoimmune and
genetic diseases have been difficult to identify, however.
Accordingly, the present invention provides methods for
puritying RNA molecules interacting with an RNA

SUMMARY OF THE INVENTION

In one embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of: (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule by contacting the RBP-RNA
complex with an agent capable of cleaving a bond thereof,
thereby generating a fragment of the RNA molecule,
wherein the fragment is at least 22 nucleotide bases in
length; (c) selecting the RBP-RNA complex with a molecule
that specifically interacts with a component of the RBP-
RNA complex; and (d) purifying the RBP-RNA complex
under stringent conditions, thereby purifying an RNA mol-
ecule interacting with an RBP of interest.
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In another embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule with an agent capable of cleav-
ing a bond thereof, thereby generating a fragment of the
RNA molecule, wherein the fragment is at least 22 nucleo-
tide bases in length; (c) selecting the RBP-RNA complex
with a molecule that specifically interacts with a component
of the RBP-RNA complex; and (d) purifying the RBP-RNA
complex, wherein the purifying step comprises an agent that
disrupts an intermolecular interaction, thereby purifying an
RNA molecule interacting with an RBP of interest.

In another embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule with an agent capable of cleav-
ing a bond thereof, thereby generating a fragment of the
RNA molecule, wherein the fragment is at least 22 nucleo-
tide bases in length; (c) selecting the RBP-RNA complex
with a molecule that specifically interacts with a component
of the RBP-RNA complex; and (d) purifying the RBP-RNA
complex, wherein the purifying comprises a chromato-
graphic method, thereby purifying an RNA molecule inter-
acting with an RBP of interest.

In another embodiment, the present invention provides a
method for identifying a plurality of RNA molecules inter-
acting with a known RBP in a biological sample, comprising
the following steps: (a) contacting the biological sample
with an agent that results in a plurality of covalently bound
RBP-RNA complexes in the biological sample; (b) obtain-
ing RNA fragments of at least 22 bases in length from the
biological sample; selecting a plurality of RBP-RNA com-
plexes of interest with a molecule that specifically interacts
with the known RBP; purifying the plurality of RBP-RNA
complexes of interest under stringent conditions; and iden-
tifying a plurality of RNA molecules in the RBP-RNA
complexes of interest; thereby identifying a plurality of
RNA molecules interacting with a known RBP in a biologi-
cal sample.

In another embodiment, the present invention provides a
method of screening a test compound for its ability to
modulate expression of a gene in a cell, comprising the steps
of: (a) purifying a first plurality of RNA binding protein-
RNA complexes from the cell by the CLIP method, wherein
the cell has been contacted with the test compound; (b)
identifying a first plurality of RNA molecules in the first
plurality of RBP-RNA complexes; (c) assessing an amount
of the gene among the first plurality of RNA molecules; (d)
puritying a second plurality of RNA binding protein-RNA
complexes from the cell by the CLIP method, wherein the
cell has not been contacted with the test compound; (e)
identifying a second plurality of RNA molecules in the
second plurality of RBP-RNA complexes; and (f) assessing
an amount of the gene among the second plurality of RNA
molecules; wherein a difference between the amount of the
gene in the first plurality of RNA molecules and the amount
of the gene in the second plurality of RNA molecules
indicates an ability of the test compound to modulate
expression of a gene in a cell.
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In another embodiment, there are provided nucleotide
linkers comprising a sequence as set forth in SEQ ID No
477-502.

In another embodiment, there is provided a compound
which interacts with a motif of an isolated nucleic acid
sequence as set forth in SEQ ID No 1-335.

In another embodiment, there is provided a compound
which interacts with a motif of an isolated nucleic acid
sequence as set forth in SEQ ID No 336-449.

In another embodiment, there is provided a compound
which interacts with a motif of an isolated nucleic acid
sequence as set forth in SEQ ID No 1-78.

In another embodiment, there is provided a method of
generating a gene expression profile of a cell, tissue, or
biological sample in vivo, comprising: purifying an RBP-
RNA complex from the cell according the method for
puritying RNA interacting with RBPs of interest, wherein
RNA bound to the RBP-RNA complex comprises a subset of
the mRNA of the cell; and then identifying the mRNAs of
the subset, thereby generating the gene expression profile of
the cell, tissue, or biological sample.

In another embodiment, the present invention provides a
method of treating a disease or disorder in a subject, wherein
the disease or disorder is associated with a function of an
RNA binding protein, comprising contacting a cell in the
subject with an agent that modulates an expression or
activity of a gene, or a protein encoded by the gene, function
of an RNA binding protein, comprising contacting a cell in
the subject with an agent that modulates an expression or
activity of a gene, or a protein encoded by the gene, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 1-335, thereby treating a disease or
disorder in a subject.

In another embodiment, the present invention provides a
method of treating a disease or disorder in a subject, wherein
the disease or disorder is associated with a function of an
RNA binding protein, comprising contacting a cell in the
subject with an agent that modulates an expression or
activity of a gene, or a protein encoded by the gene, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 336-449, thereby treating a disease or
disorder in a subject.

In another embodiment, the present invention provides
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 1-335, comprising assessing a splicing
pattern of the transcript in a biological sample from the
subject; assessing a splicing pattern of a reference standard;
and comparing the splicing pattern of the transcript to the
splicing pattern of a reference standard, thereby diagnosing
a disease or disorder associated with an alternate splicing
pattern of a gene in a subject.

In another embodiment, the present invention provides
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 336-449, comprising assessing a splic-
ing pattern of the transcript in a biological sample from the
subject; assessing a splicing pattern of a reference standard;
and comparing the splicing pattern of the transcript to the
splicing pattern of a reference standard, thereby diagnosing
a disease or disorder associated with an alternate splicing
pattern of a gene in a subject.

In another embodiment, the present invention provides a
method of assessing a level of association of an RNA
transcript of interest with an RBP of interest, comprising the
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steps of: (a) contacting an RBP-RNA complex containing
said RBP of interest with an agent that creates a covalent
bond between two components of said RBP-RNA complex;
(b) cleaving an RNA molecule of said RBP-RNA complex
with an agent capable of cleaving a bond of said RNA
molecule, thereby generating a fragment of said RNA mol-
ecule, wherein said fragment is at least 22 nucleotide bases
in length; (c) selecting said RBP-RNA complex with a
molecule that specifically interacts with a component
thereof; (d) purifying said RBP-RNA complex, wherein said
purifying comprises a chromatographic method; and (e)
assessing a presence or amount of said RNA transcript of
interest or a fragment thereof in said plurality of RNA
molecules, thereby assessing a level of association of an
RNA transcript of interest with an RBP of interest.

In another embodiment, the present invention provides a
method of screening a test compound for its ability to
modulate a level of association between an RBP and an
RNA transcript, comprising the steps of: (a) assessing a first
level of association between said RBP and said RNA tran-
script in a first cell by the method of claim 112, wherein said
first cell has been contacted with said test compound; (b)
assessing a second level of association between said RBP
and said RNA transcript in a second cell by the method of
claim 112, wherein said second cell has not been contacted
with said test compound; and (c) comparing said first level
of association with said second level of association, wherein
a difference between said first level of association and said
second level of association indicates an ability of said test
compound to modulate a level of association between said
RBP and said RNA transcript.

In another embodiment, there is provided an RBP binding
site comprised of a nucleic acid comprising a sequence as set
forth in SEQ ID No 1-335 and 450-469.

In another embodiment, there is provided an RBP binding
site comprised of a nucleic acid comprising a sequence as set
forth in SEQ ID No 336-449 and 503-508.

In another embodiment, there is provided a method of
modifying an expression profile of a gene of interest com-
prising engineering the gene of interest to comprise an RBP
binding site comprising a nucleic acid sequence as set forth
in SEQ ID No 1-449, 450-469, and 503-508, thereby modi-
fying the expression profile of the gene of interest.

In another embodiment, there is provided the use of a
gene that has been engineered to comprise an RBP binding
site comprising a nucleic acid sequence as set forth in SEQ
1D NO 1-449, 450-469, and 503-508, in order to compete for
biological factors that bind the sites of a gene of interest,
thus modifying the splicing pattern of the gene of interest.

In another embodiment, there is provided an isolated
nucleic acid that comprises a sequence set forth in SEQ ID
NO 63, 64, 76, 77, 78, 84, or 292-335.

In another embodiment, there is provided an isolated
nucleic acid that comprises a sequence set forth in SEQ ID
No 374,377,378, 380, 382, 384, 387, 394-396, 415, or 416,
421.

In another embodiment, there is provided an oligonucle-
otide of at least 15 bases, with a nucleic acid sequence
corresponding to SEQ ID NO 1-335, or 336-449, or a
complementary sequence thereof.

In another embodiment, there is provided an isolated
peptide encoded by a nucleic acid sequence as set forth in
SEQ ID No 63, 64, 76, 77, 78, 84, or 292-335.

In another embodiment, there is provided an isolated
peptide encoded by a nucleic acid sequence as set forth in
SEQID No 374,377,378, 380, 382, 384, 387, 394-396, 415,
or 416, 421.
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In another embodiment, there is provided a transgenic
mouse comprising a mutation in a Nova-2 gene.

In another embodiment, the present invention provides a
method for purifying an RBP present in an RBP-RNA
complex containing a known component, comprising the
steps of (a) contacting said RBP-RNA complex with an
agent that creates a covalent bond between two components
of said RBP-RNA complex; (b) cleaving an RNA molecule
of said RBP-RNA complex with an agent capable of cleav-
ing a bond of said RNA molecule, thereby generating a
fragment of said RNA molecule, wherein said fragment is at
least 22 nucleotide bases in length; (c) selecting said RBP-
RNA complex with a molecule that specifically interacts
with said known component; (d) purifying said RBP-RNA
complex under stringent conditions; and (e) removing said
RBP from said RBP-RNA complex, thereby purifying an
RBP present in an RBP-RNA complex containing a known
component.

A method for identifying an unknown RBP present in an
RBP-RNA complex containing a known component, com-
prising the steps of:

contacting a biological sample with an agent that results

in a covalently bound RBP-RNA complex in the bio-
logical sample;

obtaining RNA fragments from the biological sample;

selecting the RBP-RNA complex containing the known

component with a molecule that specifically interacts
with the known component;

puritying the RBP-RNA complex containing the known

component under stringent conditions; and
identifying the unknown RBP from the RBP-RNA com-
plex containing the known component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C depict the CLIP method. FIG. 1A is a
Schematic of CLIP method. FIG. 1B is the Purification of
Nova-1-RNA covalent complexes by SDS-PAGE. Adult
mouse hindbrain tissue was UV irradiated (+XL.), protein-
RNA complexes immunoprecipitated with Nova antiserum,
RNA labeled with 2P, and complexes visualized by auto-
radiography. Without UV irradiation (—XL), no protein-
RNA complexes were detected. FIG. 1C shows CLIP per-
formed using mouse forebrain (postnatal day 6; N*/*)
revealed ~70 kilodalton (kDa) and ~55 kD RNA-protein
complexes cross-linked to Nova-2 (N2) (~70 kDa upper
band) and smaller isoforms of Nova-1 and Nova-2 (~55 kDa
lower band). When Nova-2~'"~ forebrain was used for CLIP,
the 70 kDa Nova-2 band was absent. When the UV cross-
linked sample was immunoprecipitated with normal rabbit
serum (Control IP), no cross-linked protein-RNA complex
was apparent.

FIGS. 2A-2D are Directional cloning of purified cross-
linked RNA using RNA primers and T4 RNA ligase. FIG.
2A shows *?P-labeled RNA was purified from N2A cells
following UV cross-linking and IP with anti-Nova antise-
rum. The size of the RNA fragments ranged from 24-150
bases; the modal size of the RNA was approximately 60
bases. FIG. 2B shows the purified RNA fragments were
ligated to 5' and 3' linker oligonucleotides, which added 16
bases to each end of the molecule. The majority of the
labeled RNA fragments shifted in size by 32 bases, indicat-
ing successful ligation. FIG. 2C is RNA isolated from
regions 1 and 2 in B were amplified by RT-PCR with specific
primers. The prominent band at 32 bases was product from
the ligation of the two RNA oligonucleotides without insert.
FIG. 2D shows the products in C were further divided and
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further amplified by PCR. These products are then used for
cloning and sequencing of the RNA insert tags.

FIGS. 3A-3H are the analysis of 340 Nova CLIP frag-
ments. FIG. 3A shows Genomic location of the tags. Tags
belonging to genomic regions with no annotated transcripts
were labeled as ‘unclassified’. 189 fragments aligned to
introns within pre-mRNA, 107 to mature mRNA, and 55 to
genomic regions to which no transcript has been assigned as
yet. FIG. 3B is YCAY tetramer abundance in Nova and Hu
CLIP fragments in comparison to control tags. The average
number of YCAY tetramers per Nova CLP fragment was
4.18 (99% confidence interval+0.39, average tag length
71£18 nucleotides; n=340) compared with 1.7 per CLIP
fragment of an unrelated RBP, Hu (99% confidence inter-
val+0.21, average tag length 62+16 nucleotides; n=94) and
1.1 per random fragment of transcribed genomic sequence
(Control; 99% confidence interval+0.03, average tag length
71x18 nucleotides; n=3400). FIG. 3C shows the frequency
of nucleotides flanking all CA dimers in Nova CLIP and
genomic tags. Certain nucleotides (A in position 1, U in
position 3, C in position 4, A in position 5, U in position 6,
and C in position 7; in the control sequence, C in position 4
and A in position 5) had a frequency 25% higher than
expected on the basis of total nucleotide composition of 29%
U, 35% C, 20% A and 17% G in Nova CLIP fragments. FI1G.
3D is the 5 most frequent hexamers in Nova CLIP frag-
ments, and the ratio of the average observed/expected abun-
dance compared to control tags; even the least abundant of
these, UCAUCC, was in 10 fold excess relative to the
average control tag (p=0.013, z-test). FIG. 3E shows filter
binding assay results, using Nova-2 fusion protein at the
indicated concentrations, and synthetic RNAs shown in (F).
FIG. 3F is the sequences of transcribed CLIP fragment
RNAs, and control RNAs corresponding to genomic
sequence immediately 5' to the CLIP fragments, used in
filter binding assay (SEQ ID NOS: 511-518). FIG. 3G is the
Distribution of tags relative to number of YCAY tetramers
they contain. FIG. 3H is the Annotated list of Nova CLIP
fragments.

FIGS. 4A-4D is Nova-dependent regulation of JNK2.
FIG. 4A shows neogenin. FIG. 4B shows gephyrin. FIG. 4C
shows alternative splicing. Schematic of pre-mRNA alter-
native splicing in the vicinity of the Nova CLIP fragments
are shown on left. Autoradiograms (center) of RT-PCR
products for each transcript, which were generated using
RNA isolated from Nova 2** (WT) and Nova 27~ (KO)
P6-7 brain cortex, show the migration of bands correspond-
ing to specific spliced isoforms. Each autoradiogram was
quantitated and plotted with the standard error from 3 litters.
FIG. 4A are asterisk marks a minor splice variant (isoform
1V), and JNK2 PCR products present after digestion with
Alul are illustrated. FIG. 4C depicts Western blot analysis of
gephyrin protein in Nova 2 P1 WT and KO cortex. FIG. 4D
shows RT-PCR analysis of gephyrin exon 9 splicing in
indicated mouse tissues.

FIGS. 5A and 5B is the list of 21 multiple-hit Nova CLIP
fragments organized by primary encoded function and list of
Nova CLIP fragments belonging to transcripts coding for
proteins with a role in inhibitory control (SEQ ID NOS: 11,
12, 68, 69, 60-62, 519, 95, 7, 8, 87, 207 and 520-522,
respectively.

FIGS. 6 A-6C depict Somatodendritic Nova: simultaneous
detection with gephyrin in the postsynaptic cytoplasm. FIG.
6A shows Immunoblot analysis of Nova distribution in
cytoplasmic and nuclear fractions from P7 mouse brain
(equal volumes of each fraction were loaded in lanes 1 and
2; 50 micrograms (ug) of protein was loaded in lanes 3 and
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4). Hsp90 was used as a cytoplasmic marker, and brPTB as
nuclear marker. FIG. 6B is Nova immunoreactivity within
the post-synaptic dendrite; gold particles associated with
small cisternae. FIG. 6C-1 is Nova immunoreactivity in
motor neurons was within the nucleus and somatodendritic
compartments; in dendrites Nova accumulated at the den-
dritic periphery (arrowheads) and branch points (arrow).
FIG. 6C2-4 are Colocalization of Nova (in red-2 and 3; red
areas in original color photo are indicated by arrowheads)
(in green-4; green areas in original color photo are indicated
by arrowheads) and synapsin (in green-2 and 3; green areas
in original color photo are lighter areas not indicated by
arrowheads) and gephyrin (in red-4; red areas in original
color photo are lighter areas not indicated by arrowheads).
Anti-Nova antibodies: affinity purified rabbit anti-Nova (CI
and C3) human POMA serum (C2 and C4). Scale bar: 15um
(C1); 9 um (C2, C3); 6 um (C4). FIG. 6D shows Electron
microscopic co-detection of Nova and gephyrin immunore-
activity within the postsynaptic cytoplasm. Al, A2, B,
Nova-1-IR (10 nm gold particles, arrows) beneath post-
synaptic regions gephyrin IR (15 nm gold particles, arrow-
heads) A2, high magnification of the postsynaptic cytoplasm
of Al. Synaptic boutons are indicated by the symbol “b”.
Antibodies: anti-Nova rabbit serum. Scale bar: 0.2 um (A2,
B); 0.4 um (Al).

FIGS. 7A-7F are Colocalization of Nova protein and
GlyRa2 mRNA in motor neurons. FIGS. 7A and 7B depict
Fluorescence microscopy and FISH demonstrated GlyRat
mRNA and Nova immunoreactivity at the dendritic periph-
ery, which demonstrated accumulation of GlyRa mRNA and
Nova protein at the site (arrows). Fluorescence microscopy
and FISH demonstrated GlyRat mRNA and Nova immu-
noreactivity at the dendritic periphery, which demonstrated
accumulation of GlyRa mRNA and Nova protein at the site
(arrows). [(C-F)] FIGS. 7C-7F depict Nova protein (HRP
immuno-labeling) and GlyRat2 mRNA ISH signal (gold
particles) formed aggregates within the dendritic cytoplasm
(arrows) and in front of synaptic boutons (arrowheads, b).
Note in FIGS. 7D and 7F the association of the Nova protein
and mRNA signals with small cisternae. Anti-Nova antibod-
ies: human POMA serum. Scale bar: 0.2 um (B-E); 0.35 pm
D).

FIGS. 8A and 8B are an annotated list of 114 neuronal Hu
protein CLIP fragment sequences and a Sequence alignment
of Hu CLIP fragment sequences.

FIG. 9A-9E shows Generation and characterization of
Nova-2 knockout mice. FIG. 9A depicts a Cloning scheme.
FIG. 9B depicts Southern blot showing deletion of Nova-2
from genomic DNA. FIG. 9C depicts Western blot showing
elimination of 55 KDa and 70 KDa isoforms of Nova-2 from
knockout animals. FIG. 9D depicts Size reduction of Nova-2
knockout mice. FIG. 9E depicts Survival curve of Nova-2
mice.

FIGS. 10A-10B are Alternative splicing defects in Nova-2
knockout Mice. FIG. 10A shows Nova-2 mice are deficient
in inclusion of y2L. exon of GABAy2 RNA. FIG. 10B shows
Splicing pattern of alternately spliced exons in GABAY2,
GlyR a2, Nova, src, and ICH-1 in Nova-2 knockout mice.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The present invention provides, in one embodiment,
methods of purifying an RNA molecule interacting with an
RBP of interest, comprising covalent cross-linking and
immunoprecipitation, and the use of such methods to ana-
lyze association of an RNA transcript with an RBP. The

25

30

35

40

45

8

invention also provides sequences of RNA molecules that
mediate binding to an RBP, proteins encoded by the
sequences, methods of identifying the sequences, and the
use of the sequences in a screening assay to identify bioac-
tive molecules. The invention also provides RNA motifs
found among the sequences and compounds that bind to the
RNA motifs. In addition, the invention provides methods of
treating diseases associated with a function of an RNA
binding protein

In another embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of: (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule by contacting the RBP-RNA
complex with an agent capable of cleaving a bond thereof,
thereby generating a fragment of the RNA molecule,
wherein the fragment is at least 22 nucleotide bases in
length; (c) selecting the RBP-RNA complex with a molecule
that specifically interacts with a component of the RBP-
RNA complex; and (d) purifying the RBP-RNA complex
under stringent conditions, thereby purifying an RNA mol-
ecule interacting with an RBP of interest The general term
for methods of the present invention for purifying an RNA
molecule interacting with an RBP of interest comprising
covalent cross-linking and immunoprecipitation, is “the
CLIP method” (cross-linking and immunoprecipitation
method).

In another embodiment, the present invention provides a
method of identifying an RNA molecule interacting with an
RBP of interest, comprising purifying an RNA molecule
interacting with the RBP of interest by the CLIP method, and
identifying the RNA molecule, thereby identifying an RNA
molecule interacting with an RBP of interest.

In one embodiment, the plurality of RNA molecules
interacting with the known RBP are analyzed to generate a
profile of RNA molecules interacting with the known RBP
in the biological sample.

In one embodiment, the RNA fragments that are gener-
ated, or the RNA in the RBP-RNA complex, is any type of
RNA known in the art, such as, for example, tRNA (transfer
RNA), snRNA (small nuclear RNA), rRNA (ribosomal
RNA), mRNA (messenger RNA), anti-sense RNA, small
inhibitory RNA (siRNA), micro RNA (miRNA) and
ribozymes.

In one embodiment, as shown in FIG. 1A, a biological
sample is contacted with an agent that results in a covalently
bound RBP-RNA complex (step 1 of FIG. 1A). In this
embodiment, the biological sample is mouse brain tissue
that has been disassociated into a cell suspension, and the
agent is UV irradiation of 254 nm wavelength. As a result of
contact with the agent, a covalent bond is formed between
an RNA molecule and a protein molecule in close contact
with the RNA molecule. This RNA molecule covalently
bound to a protein molecule is referred to herein as a
covalently bound RBP-RNA complex. In this embodiment,
cells are collected and lysed with detergent and high salt,
which disassociates RNA from protein in some RBP-RNA
complexes that are not covalently bound.

Covalent cross-linking has the advantage of forming
bonds between RBP-RNA complexes that are in direct
contact. Covalent binding enables the use, in some embodi-
ments of the present invention, of rigorous purification
schemes for obtaining highly purified RBP-RNA complexes.
In one embodiment, the purification scheme may comprise
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immunoprecipitation. In another embodiment, the purifica-
tion scheme may comprise rigorous washing of immuno-
precipitates. In another embodiment, the purification scheme
may comprise boiling complexes in SDS. In another
embodiment, the purification scheme may comprise sepa-
rating complexes on SDS-PAGE. In another embodiment,
the purification scheme may comprise transferring samples
to NC, which retains RNA-protein complexes, but not free
RNA.

In another embodiment, the covalent bond enables partial
cleavage of RNA molecules without affecting their protein
binding, such that only short RNA fragments can be purified.
In another embodiment, this partial cleavage enables iden-
tification of the region of the RNA responsible for binding
to the RBP or another. In another embodiment, this partial
cleavage facilitates purification of the RBP-RNA complex.
Following purification of RNA-protein complexes that have
been covalently cross-linked, protein can be digested with
nucleases, and RNA can be cloned using linker ligation and
RT-PCR. Each of these methods represents a separate
embodiment of the present invention, and is described in
more detail herein.

In another embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule with an agent capable of cleav-
ing a bond thereof, thereby generating a fragment of the
RNA molecule, wherein the fragment is at least 22 nucleo-
tide bases in length; (c) selecting the RBP-RNA complex
with a molecule that specifically interacts with a component
of the RBP-RNA complex; and (d) purifying the RBP-RNA
complex, wherein the purifying step comprises an agent that
disrupts an intermolecular interaction, thereby purifying an
RNA molecule interacting with an RBP of interest.

In another embodiment, the present invention provides a
method for purifying an RNA molecule interacting with an
RBP of interest in a biological sample, comprising the steps
of (a) contacting the biological sample with an agent that
creates a covalent bond between the RNA molecule and the
RBP of interest, thereby generating a covalently bound
RBP-RNA complex containing the RNA molecule; (b)
cleaving the RNA molecule with an agent capable of cleav-
ing a bond thereof, thereby generating a fragment of the
RNA molecule, wherein the fragment is at least 22 nucleo-
tide bases in length; (c) selecting the RBP-RNA complex
with a molecule that specifically interacts with a component
of the RBP-RNA complex; and (d) purifying the RBP-RNA
complex, wherein the purifying comprises a chromato-
graphic method, thereby purifying an RNA molecule inter-
acting with an RBP of interest.

In another embodiment, the present invention provides a
method for purifying an RBP present in an RBP-RNA
complex containing a known component, comprising the
steps of (a) contacting said RBP-RNA complex with an
agent that creates a covalent bond between two components
of said RBP-RNA complex; (b) cleaving an RNA molecule
of said RBP-RNA complex with an agent capable of cleav-
ing a bond of said RNA molecule, thereby generating a
fragment of said RNA molecule, wherein said fragment is at
least 22 nucleotide bases in length; (c) selecting said RBP-
RNA complex with a molecule that specifically interacts
with said known component; (d) purifying said RBP-RNA
complex under stringent conditions; and (e) removing said
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RBP from said RBP-RNA complex, thereby purifying an
RBP present in an RBP-RNA complex containing a known
component.

In one embodiment, the term “contacting”, “contact” or
“contacted” when in reference to a cell refers to direct
exposure of the cell to an agent, compound or composition
of the invention. In another embodiment, the term “contact-
ing”, “contact” or “contacted” when in reference to a cell
refers to indirect exposure of the cell to an agent, compound
or composition of the invention. In one embodiment, con-
tacting a cell may comprise subjecting the cell to electro-
magnetic radiation. In another embodiment, a cell is exposed
directly to a chemical that forms the covalent bond. In
another embodiment, supply to the cell is indirect, such as
via provision in a culture medium that surrounds the cell. In
another embodiment, contacting a cell may comprise direct
injection of the cell through any means well known in the
art, such as microinjection.

In one embodiment, a “target cell” can be, for example, a
type of cell or tissue in an organism, or a single cell type,
e.g., grown in tissue culture. In another embodiment, an
expression vector-ligand complex can be formed in which
the ligand comprises a fusogenic viral peptide to disrupt
endosomes, allowing the expression vector to avoid lyso-
somal degradation. In yet another embodiment, the expres-
sion vector can be targeted in vivo for cell specific uptake
and expression, by targeting a specific receptor (see, e.g.,
PCT Publications WO 92/06180 dated Apr. 16, 1992; WO
92/22635 dated Dec. 23, 1992; W092/20316 dated Nov. 26,
1992; W093/14188 dated Jul. 22, 1993; WO 93/20221 dated
Oct. 14, 1993). Alternatively, the expression vector can be
introduced intracellular and incorporated within host cell
DNA for expression, by homologous recombination (Koller
and Smithies, 1989, Proc. Natl. Acad. Sci. USA 86:8932-
8935; Zijistra et al.,, 1989, Nature 342:435-438). Each of
these methods represents a separate embodiment of the
present invention.

In one embodiment, the biological sample of step (a) is
from a healthy source. In another embodiment, the biologi-
cal sample of step (a) is from a diseased source. In another
embodiment, the biological sample of step (a) may comprise
a cell culture. In another embodiment, the biological sample
of step (a) may comprise a cell line. In another embodiment,
the biological sample may comprise a cell extract. In another
embodiment, the biological sample may comprise a cell
lysate. In another embodiment, the biological sample may
comprise whole tissue. In another embodiment, the biologi-
cal sample may comprise a tissue extract. In another
embodiment, the biological sample is a tissue sample, such
as, for example, a biopsy. In another embodiment, the
biological sample may comprise a whole organ. In another
embodiment, the biological sample may comprise a tumor.
In another embodiment, the biological sample may comprise
a tumor cell. In another embodiment, the biological sample
may comprise a cell mass. In another embodiment, the tissue
sample may comprise diseased tissue. In another embodi-
ment, the biological sample may comprise a tumor cell or
tumor cell extract. In another embodiment, the biological
sample may comprise a pre-cancerous lesion, polyp, or cyst.
In another embodiment, the biological sample may comprise
a combination thereof. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the biological sample may com-
prise a cellular component or compartment. In one embodi-
ment, the cellular component or compartment is neuronal
dendrites. In one embodiment, laser capture micro-dissec-
tion is used in conjunction with the CLIP method to purify
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RBP-RNA complexes, from, for example, molecular layers
of brain, tumor sections, or tumor cells. Laser capture
micro-dissection is, in one embodiment, performed by any
technique known to those skilled in the art, such as, for
example, the techniques described in Biotechniques. 34:42-
46. Each such technique represents a separate embodiment
of the present invention.

In one embodiment, cells comprising the biological
sample are suspension cells. In another embodiment, the
cells are adherent cells. In another embodiment, the cells are
transformed cells. In another embodiment, the cells are
tissue culture cells. In another embodiment, the cells are
primary cell lines. Cells comprising the biological sample
are, in one embodiment, grown in any method known to one
skilled in the art. Each such method represents a separate
embodiment of the invention.

In one embodiment, the biological sample is disrupted,
disaggregated, homogenized, or lysed by any technique
known in the art. For example, the biological sample may be
made into a single-cell suspension using a nylon filter or
mesh. Cells or tissue comprising the biological sample may,
in one embodiment, be adhered to a substrate such as a chip,
a slide, a dish, etc. The cells are, in one embodiment, washed
according to techniques known to one skilled in the art. Each
such technique represents a separate embodiment of the
present invention.

In one embodiment, the covalent bond of step (a) is
formed with irradiation. The source of irradiation may emit,
in one embodiment, radiation of a discrete wavelength. In
another embodiment, the source may emit radiation dis-
persed throughout a region of the electromagnetic radiation
spectrum. In another embodiment, the source may emit a
mixture of radiation, some of which is of a discrete wave-
length, and some of which is dispersed throughout a region
of the electromagnetic radiation spectrum.

In one embodiment, the irradiation may result from a
polychromatic irradiation source. Polychromatic refers, in
one embodiment, to a source that emits radiation of various
wavelengths. Such wavelengths may be anywhere in the
electromagnetic radiation spectrum. The radiation emission
spectra of various types of irradiation sources are known in
the art.

In another embodiment, the irradiation may result from a
monochromatic irritation source. Monochromatic refers, in
one embodiment, to a source that emits radiation of a single
wavelength. In another embodiment, monochromatic refers
to a source that emits radiation primarily of a single wave-
length.

In another embodiment, the irradiation may result from a
mercury light. Mercury lamps emit radiation of 254 nm, and
may also have polychromatic background emissions at other
discrete wavelengths, e.g., 313 nm, 365 nm, 405 nm, 436
nm, 546 nm, 579 nm, 1015 nm and 1140 nm. This is a fairly
unique characteristic of these types of lamps (see U.S. Pat.
No. 6,611,375).

In another embodiment, the irradiation may result from a
two-photon excitation apparatus (So P T et al, Cell Mol Bio
(Noisy le grand) 44:771). In this technique, small structures
are formed by multiple photon-induced polymerization or
cross-linking of a precursor composition. “Multiple photon”
as used herein means, in one embodiment, the simultaneous
absorption of multiple photons by a reactive molecule. This
method is described in detail in U.S. Pat. No. 6,316,153 and
references therein.

In one embodiment, the irradiation used to form the
covalent bond of step (a) is ultraviolet irradiation. Ultravio-
let radiation, in one embodiment, is a form of energy that
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occupies a portion of the electromagnetic radiation spectrum
(the electromagnetic radiation spectrum ranges from cosmic
rays to radio waves). Ultraviolet radiation can come from
many natural and artificial sources. Depending on the source
of ultraviolet radiation, it may be accompanied by other
(non-ultraviolet) types of electromagnetic radiation (e.g.
visible light).

Particular types of ultraviolet radiation are herein
described in terms of wavelength. Wavelength is herein
described in terms of nanometers (“nm”). In one embodi-
ment, ultraviolet radiation extends from approximately 180
nm to 400 nm. In another embodiment, the ultraviolet
radiation has a wavelength of about 254 nm. In another
embodiment, the ultraviolet radiation has a different wave-
length. When a radiation source, by virtue of filters or other
means, does not allow radiation below a particular wave-
length (e.g. 320 nm), it is said to have a low end “cutoff” at
that wavelength (e.g. “a wavelength cutoff at 300 nanome-
ters”). Similarly, when a radiation source allows only radia-
tion below a particular wavelength (e.g. 360 nm), it is the to
have a high end “cutoff” at that wavelength (e.g. “a wave-
length cutoft at 360 nanometers™). In another embodiment,
the source of ultraviolet radiation is a fluorescent source. All
of these sources represent separate embodiments of the
present invention. In one embodiment, the device of the
present invention comprises an additional filtering means. In
one embodiment, the filtering means comprises a liquid filter
solution that transmits only a specific region of the electro-
magnetic spectrum. The use of sources of irradiation is well
known to those skilled in the art (see, for example Diffey, B
L, Methods 28:4-13; and Chen J et al, Cancer J. 8:154-63).
Each type of radiation represents a separate embodiment of
the present invention.

In one embodiment, a chemical group such as, for
example, puromycin is added to RNA to facilitate formation
of'the covalent bond of step (a). This method is described in
Rodriguez-Fonseca C et al (RNA 6:744-54).

In one embodiment, the covalent bond of step (a) is
formed with a chemical. In one embodiment, the chemical is
formaldehyde. In another embodiment, the chemical is a
derivative of formaldehyde. In another embodiment, the
chemical is paraformaldehyde. In another embodiment, the
chemical is glutaraldehyde. In another embodiment, the
chemical is osmium tetroxide. In another embodiment, the
chemical is acetone. In another embodiment, the chemical is
an alcohol. In another embodiment, the chemical is an NHS
ester. In another embodiment, the chemical is a Maleimides.
In another embodiment, the chemical is a haloacetyl. In
another embodiment, the chemical is a pyridyl disulfide. In
another embodiment, the chemical is a sulthydryl modifier
such as SATA, SPDP or Traut’s Reagent. In another embodi-
ment, the chemical is hydrazide. In another embodiment, the
chemical is 1-Ethyl-3-(3-Dimethylaminopropyl)-Carbodi-
imide Hydrochloride. In another embodiment, the chemical
is an aryl azide or a derivative thereof. In another embodi-
ment, the chemical is any other cross-linking compound
known in the art. The cross-linking compound may, in one
embodiment, be applied over a broad range of concentra-
tions. Each type of chemical represents a separate embodi-
ment of the present invention.

In one embodiment, the cross-linking compound is photo-
activated. Chemical cross-linking methods are known to
those skilled in the art (see, for example, Hecht A et al,
Methods Mol Biol. (1999) 119:469-79; and Strutt H et al,
Methods Mol Biol. (1999) 119:455-67.

In one embodiment, the covalent bond is a reversible
bond. In another embodiment, the covalent bond may be an
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irreversible bond. In another embodiment, a reversible bond
is a bond capable of being broken or disrupted by exposure
to heat, acid, base, or another means without destroying the
remainder of the molecule.

In step (b) of the present invention, RNA molecules in the
biological sample are cleaved (digested, broken, or frag-
mented) to obtain fragments of at least 22 bases in length
(FIG. 1A, step 2). Step (b) may, in some embodiments,
facilitate the selection of RBP-RNA complexes. In another
embodiment, step (b) may facilitate identification of binding
sites on RNA molecules that are isolated by this method.

In one embodiment, the digestion of step (b) generates a
modified RBP-RNA complex of interest containing a frag-
ment of the RNA molecule present in the original RBP-RNA
complex. In one embodiment, step (¢) and subsequent steps
are performed on the modified RBP-RNA complex. In
another embodiment, step (c) is performed prior to the
modification performed in step (b). Each possibility repre-
sents a separate embodiment of the present invention.

In one embodiment, cleavage of the RNA molecules is
performed by contact with an agent capable of breaking a
bond of an RNA molecule. In one embodiment, the agent is
capable of breaking a bond of any RNA molecule in a
sequence-specific manner. In another embodiment, the agent
preferentially breaks bonds of RNA molecules having a
particular sequence. In one embodiment, the bond is a
phosphodiester bond.

In one embodiment, as depicted in FIG. 1A, the biological
sample is a lysate at this point in the method. In the
embodiment depicted, the fragments are obtained by diges-
tion with limiting amounts of RNAse T1, which cleaves
RNA molecules in a largely random fashion, leaving RNA
fragments of approximately 100 bases. In the embodiment
depicted, the lysate is then subjected to a high-speed cen-
trifugation, which removes high molecular weight material
from the cell. In one embodiment, the fragments average
about 70-100 nucleotides in length.

Some of the RNA fragments obtained by step (b) of the
present invention may contain the RBP binding site. In one
embodiment, an RBP is bound to the binding site. It will be
understood to one skilled in the art that, in one embodiment,
the size of the RNA fragments may reflect the fact that an
RBP is bound.

In one embodiment, the biological sample is treated with
a DNAse prior to step (b). In another embodiment, the
DNAse treatment may follow step (b). In another embodi-
ment, the DN Ase treatment is simultaneous with step (b). In
another embodiment, any DNAse known in the art may be
used. The use of such enzymes is well known to those skilled
in the art, and is described, for example, in Molecular
Cloning, (2001), Sambrook and Russell, eds. The use of
each DNAse represents an additional embodiment of this
invention.

In another embodiment, step (b) is carried out with a
nuclease. In one embodiment, the nuclease is RNAse T1. T1
digestion yields —OH groups on the 5' ends and 2', 3' cyclic
phosphate groups on the 3' ends of RNA fragments (FIG.
1A). In one embodiment, fragments generated by RNAse T1
digestion are suitable for labeling with T4 PNK and 3P
phosphate, as disclosed herein. In another embodiment,
fragments generated by RNAse T1 digestion are suitable for
directional ligation of nucleotide linkers onto the fragments.
In another embodiment, fragments generated by RNAse T1
digestion are suitable for directional subcloning of the
fragments into a vector.

In one embodiment, titrations of RNAse T1 are performed
to ascertain dilutions which yield RNA CLIP fragments of
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the desired length. Techniques for titrating enzymes are
known to those skilled in the art.

The covalent bond formed in step (a) enables, in one
embodiment, the use of nucleases such as RNAse T1 in the
CLIP method. In another embodiment, the covalent bond
formed in step (a) enables fragmentation of the RNA (by a
variety of means) without separating the RNA from its
RBP-RNA complex. Fragmentation facilitates, in one
embodiment, extrication and subsequent purification of
RBP-RNA complexes that bound to ribosome and other
cellular structures. Nucleases such as RNAse T1 in the CLIP
method RNAse T1 cleaves RNA molecules in a relatively
sequence non-specific fashion. Each of these properties of
CLIP contribute to its ability to purify a representative
sample of RNA molecules interacting with a given RBP.

In one embodiment, the nuclease is an endonuclease. In
another embodiment, the nuclease is an exonuclease. In
another embodiment, the nuclease is S1 Nuclease. In another
embodiment, the nuclease is Mung Bean Nuclease. In
another embodiment, the nuclease is Bal3l nuclease. In
another embodiment, the nuclease is S1 nuclease. In another
embodiment, the nuclease is T7 gene 6 exonuclease. In
another embodiment, the nuclease is Exonuclease III. In
another embodiment, the nuclease is the 3'-5' exonuclease
activity of a polymerase, such as T4 DNA polymerase, a
Klenow fragment, and f1 gene product II or homologous
enzymes from other filamentous bacteriophage (Meyer and
Geider, J. Biol. Chem. 254:12636). In another embodiment,
the nuclease is any nuclease known in the art.

A nuclease, according to one embodiment of the inven-
tion, also includes Saccharomyces cerevisiae RAD27, and
Schizosaccharomyces pombe RAD2, Pol I DNA polymerase
associated 5' to 3' exonuclease domain, (e.g. £. coli, Ther-
mus aquaticus (Taq), Thermus flavus (T1), Bacillus caldote-
nax (Bca), Streptococcus pneumoniae) and phage functional
homologues of FEN including but not limited to T5 5' to 3'
exonuclease, T7 gene 6 exonuclease and T3 gene 6 exonu-
clease. The use of these nucleases is familiar to those skilled
in the art (see, for example, Molecular Cloning, (2001),
Sambrook and Russell, eds.). Each of these nucleases rep-
resents a separate embodiment of this invention.

In other embodiments, obtaining RNA fragments in step
(b) is performed using a cleaving agent. In another embodi-
ment, the cleaving agent is a single-stranded-specific endo-
nucleases. In another embodiment, the cleaving agent is a
double-stranded-specific endonuclease. In another embodi-
ment, the cleaving agent is a chemical cleaving agent which
preferentially cleaves single-stranded molecules. In another
embodiment, the cleaving agent is a chemical cleaving
agents which preferentially cleaves double-stranded mol-
ecules. In another embodiment, the cleaving agent is S1
Nuclease. In another embodiment, the cleaving agent is
Mung Bean Nuclease. In another embodiment, the cleaving
agent is potassium permanganate. In another embodiment,
the cleaving agent is a cleaving agents, which cleaves
double-stranded oligonucleotides in a random or pseudoran-
dom way. In another embodiment, the cleaving agent is
DNase I. The concentration and cutting time of the cleaving
agent must, in one embodiment, be determined experimen-
tally for each hybridization procedure. Each type of cleaving
agent represents a separate embodiment of the present
invention.

In one embodiment, step (b) is performed by fragmenta-
tion. The sequences can be, for example, either randomly
fragmented or fragmented at specific sites in the nucleic acid
sequence. Any known method of fragmentation may be
employed in step (b), according to this embodiment. Various
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methods of fragmenting nucleic acids will be known to those
of'skill in the art. These methods may be, for example, either
chemical or physical in nature.

In alternate embodiments, fragmentation may include
partial degradation with a DNAse, RNAse, partial depuri-
nation with acid followed by heating, and restriction
enzymes or other enzymes, which cleave nucleic acid at
known or unknown locations. Physical fragmentation meth-
ods may involve subjecting the nucleic acid to a high shear
rate. High shear rates are produced, in one embodiment, by
moving nucleic acid through a chamber or channel with pits
or spikes, or forcing the nucleic sample through a restricted
size flow passage, e.g. an aperture having a cross sectional
dimension in the micron or submicron scale. Each of these
methods represents a separate embodiment of this invention.

In other embodiments of this invention, step (b) is per-
formed by using radical-generating coordination complexes
or with a syringe-operated silica micro-column. Those of
skill in the art will be familiar with methods of fragmenting
RNA (see, for example, Current Protocols in Molecular
Biology, (1998) Ausubel, et al, eds.), each of which repre-
sents another embodiment of this invention. In another
embodiment, RNA is fragmented by heat and ion-mediated
hydrolysis.

In another embodiment, step (b) is performed by physical
or chemical means. The sequences can be randomly frag-
mented or fragmented at specific sites in the nucleic acid
sequence. In another embodiment, step (b) is performed by
breaking the nucleic acid in the biological sample. In another
embodiment, step (b) is performed exposing it to harsh
physical treatment (e.g., shearing or irradiation). In another
embodiment, step (b) is performed or harsh chemical agents
(e.g., by free radicals, including, but not limited to hydroxyl
radicals; metal ions; acid treatment). The reaction conditions
suitable for fragmenting nucleic acid molecules by physical
or chemical methods are well known in the art. Furthermore,
partial PCR extension, PCR stuttering, and other related
methods for producing partial length copies of a parental
sequence can be used to effect “fragmentation”, e.g., to
obtain a hybrid product which contains segments derived
from different parental sequences. Any method of fragment-
ing nucleic acid known in the art represents an additional
embodiment of this invention.

As mentioned, in one embodiment fragmentation of the
RNA molecules present in the RBP-RNA complexes render
it suitable for subsequent subcloning. “Subcloning,” refers,
in one embodiment, to inserting an oligonucleotide into a
nucleotide molecule. In one embodiment, isolated DNA
encoding an RNA transcript can be inserted into an appro-
priate expression vector that is suitable for the host cell to be
employed such that the DNA is transcribed to produce the
RNA. A large number of vector-host systems known in the
art may be used in this embodiment. A vector may include,
in some embodiments, an appropriate selectable marker. The
vector may further include an origin of replication, and may
be a shuttle vector, which can propagate both in bacteria,
such as, for example, E. coli (wherein the vector comprises
an appropriate selectable marker and origin of replication)
and be compatible for propagation in vertebrate cells, or
integration in the genome of an organism of choice. The
vector according to this aspect of the present invention can
be, for example, a plasmid, a bacmid, a phagemid, a cosmid,
a phage, a modified or unmodified virus or an artificial
chromosome. Many such vectors are commercially avail-
able, and their use is well known to those skilled in the art
(see, for example, Molecular Cloning, (2001), Sambrook
and Russell, eds.).
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The insertion into a vector can, for example, be accom-
plished by ligating the DNA fragment into a vector which
has complementary cohesive termini. However, if the
complementary restriction sites used to fragment the DNA
are not present in the cloning vector, the ends of the DNA
molecules may be enzymatically modified. In another
embodiment, any site desired may be produced by ligating
nucleotide sequences (linkers) onto the DNA termini; these
ligated linkers may comprise specific chemically synthe-
sized oligonucleotides encoding restriction endonuclease
recognition sequences.

In another embodiment, the nucleotide molecule into
which the oligonucleotide is inserted may be a plasmid,
cosmid, or the like, or a vector or strand of nucleic acid. In
another embodiment, the nucleotide molecule is genetic
material of a living organism, virus, phage, or material
derived from a living organism, virus, or phage. In one
embodiment, the nucleotide molecule is linear. In another
embodiment, the nucleotide molecule is circular. In another
embodiment, the nucleotide molecule is concatemerized. In
another embodiment, the nucleotide molecule may be of any
length. Each of these types of nucleotide molecules repre-
sents a separate embodiment of the invention. Methods for
subcloning are known to those skilled in the art, and are
described, for example in Molecular Cloning, (2001), Sam-
brook and Russell, eds.

In one embodiment, the biological sample is subjected to
a centrifugal force at some point after step (a). In one
embodiment, the centrifugation or settling step removes
high-molecular weight (MW) material from the biological
sample. In another embodiment, the centrifugation or set-
tling step removes ribosomes from the biological sample. In
another embodiment, the biological sample is allowed to
settle. Each method represents a separate embodiment of the
present invention.

In one embodiment, step (b) is performed before step (c).
In another embodiment, step (b) is performed after part or all
of step (¢). In another embodiment, step (b) is performed
concurrently with all or part of step (c).

In step (c) of the present invention, an RBP-RNA complex
of interest is selected with a molecule that specifically
interacts with a component of the RBP-RNA complex of
interest (FIG. 1A, step 3). In one embodiment, as depicted
in FIG. 1A, the method of selection is immunoprecipitation
and the molecule that specifically interacts with a compo-
nent of the RBP-RNA complex of interest is antisera
directed against the protein of interest, in this case Nova-1
or Nova-2 protein. The immunoprecipitation method
depicted in FIG. 1A comprises thorough washing of RBP-
RNA complexes of interest, resulting in the selective
removal of unwanted molecules. In the embodiment
depicted in FIG. 1A, RNA molecules remaining after the
washing are phosphorylated and labeled with y->*P ATP,
allowing detection at a later step.

In one embodiment, the biological sample is pre-cleared
prior to step (c). “Pre-clearing” comprises, in one embodi-
ment, immunoprecipitating the sample using pre-immune
serum or an irrelevant antibody, and is typically used to
remove proteins and other substances that tend to stick
non-specifically to other molecules (“sticky molecules”). In
another embodiment, a similar method of removing sticky
molecules is employed. In another embodiment, sticky mol-
ecules are “blocked”, or rendered less sticky, by the addition
of a blocking agent such as milk powder to the solution used
in step (c). Each such method represents a separate embodi-
ment of the present invention.
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In one embodiment, the component of the RBP-RNA
complex of interest selected in step (c) is an RBP. In another
embodiment, the component is an RNA-associated protein.
In another embodiment, the component is a nucleic acid
associated with the RBP-RNA complex. In another embodi-
ment, the component of the RBP-RNA complex of interest
selected in step (¢) is an mRNA molecule associated with the
RBP-RNA complex. In another embodiment, the component
is another molecule or compound (e.g., carbohydrate, lipid,
vitamin, etc.) that associates with the RBP-RNA complex.

In one embodiment, the component of the RBP-RNA
complex of interest selected in step (c) is Nova-1 protein,
Nova-2 protein, or a combination thereof. According to this
aspect of the invention, the Nova-1 and Nova-2 may include
wild-type protein sequences, as well as other variants (in-
cluding alleles) of the native protein sequence. In another
embodiment, the component selected is a 55 KDa isoform of
Nova-2. In another embodiment, the component selected is
a 70 KDa isoform of Nova-2. Nova-1 and Nova-2 proteins
are homologous to one another, and have similar or identical
function (FIGS. 9-10).

In one embodiment, “variants” refers to proteins or genes
that result from natural polymorphisms. In another embodi-
ment, “variants” refers to proteins or genes that are synthe-
sized by recombinant methodology. In another embodiment,
“variants” refers to proteins or genes that differ from wild-
type protein by one or more amino acid substitutions,
insertions, deletions, or the like. As will be appreciated by
those skilled in the art, a nucleotide sequence encoding a
protein mentioned herein or a variant may differ from the
known native sequences, due to codon degeneracies, nucleo-
tide polymorphisms, or amino acid differences. Each of
these represents an additional embodiment of the invention.

In another embodiment, the component of the RBP-RNA
complex of interest selected in step (c¢) is an ELAV/Hu
protein such as HuA, HuB, HuC, HuD or mHuR, or a
combination thereof. Hu family proteins are RNA-binding
proteins, antibodies against which are found in patients with
small-cell lung carcinoma, are associated with sensory neu-
ronopathy (PEM/SN), paraneoplastic cerebellar degenera-
tion and MS. HuD, a neuronal Hu protein, is an RBP that is
believed to shuttle between the nucleus and cytoplasm. In
another embodiment, the component of the RBP-RNA com-
plex of interest bound to in step (¢) is a FXRP family protein
such as FMRP, FXRP1, or FXRP2, or a combination thereof.
FMRP is a family of RBPs that are implicated in Fragile X
Syndrome. In another embodiment, the component of the
RBP-RNA complex of interest bound to in step (c) is
Sjogren’s Syndrome related antigen Ro (SS-A), Sjogren’s
Syndrome related antigen La (SS-B), or a protein belonging
of the ribonuclear proteins (RNP) family, or a combination
thereof. SS-A, SS-B, and RNP proteins are antigens that
have been implicated in autoimmune disorders such as SLE,
Sjogren’s Syndrome, JRA, and HAM/TSP. In another
embodiment, the component of the RBP-RNA complex of
interest bound to in step (c) is calreticulin. Calredculin is an
RBP that has been implicated in Sjogren’s syndrome, PBC,
autoimmune hepatitis type 1, MS, coeliac disease, and
yersinosis. In another embodiment, the component of the
RBP-RNA complex of interest bound to in step (c) is SMN
protein, a protein belonging to the CELF proteins family, or
SCAT protein, or a combination thereof. In another embodi-
ment, the component of the RBP-RNA complex of interest
bound to in step (c) is SF2/ASF. SF2/ASF is a protein that
has been implicated in spinal muscular atrophy. In another
embodiment, the component of the RBP-RNA complex of
interest bound to in step (c) is a small nucleolar ribonucleo-
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protein complex (snoRNP). SnoRNP have been implicated
in SLE and SSc. In another embodiment, the component of
the RBP-RNA complex of interest bound to in step (c) is
heterogeneous nuclear ribonuclear protein-Al (hnRNP-A1).
hnRNA-A1 has been implicated in HAM/TSP.

The term “homology”, as used herein, when in reference
to any protein or peptide, may indicate, in one embodiment,
a percentage of amino acid residues in the candidate
sequence that are identical with the residues of a correspond-
ing native polypeptide, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum
percent homology, and not considering any conservative
substitutions as part of the sequence identity. In another
embodiment, conservative substitutions are considered as
part of sequence identity when determining homology. Nei-
ther N- or C-terminal extensions nor insertions shall be
construed as reducing identity or homology. Methods and
computer programs for the alignment are well known in the
art.

In one embodiment, “corresponding” refers to identity of
greater than 70%. In another embodiment, “corresponding”
refers to identity of greater than 75%. In another embodi-
ment, “corresponding” refers to identity of greater than 80%.
In another embodiment, “corresponding” refers to identity
of greater than 85%. In another embodiment, “correspond-
ing” refers to identity of greater than 90%. In another
embodiment, “corresponding” refers to identity of greater
than 95%. In another embodiment, “corresponding” refers to
identity of greater than 97%. In another embodiment, “cor-
responding” refers to identity of greater than 98%. In
another embodiment, “corresponding” refers to identity of
greater than 99%. In another embodiment, “corresponding”
refers to identity of 100%.

The term “homology”, as used herein, when in reference
to any nucleic acid sequence similarly may indicate, in one
embodiment, a percentage of nucleotides in a candidate
sequence that are identical with the nucleotides of a corre-
sponding native nucleic acid sequence.

Homology may be determined in the latter case by
computer algorithm for sequence alignment, by methods
well described in the art. For example, computer algorithm
analysis of nucleic acid sequence homology may include the
utilization of any Number of software packages available,
such as, for example, the BLAST, DOMAIN, BEAUTY
(BLAST Enhanced Alignment Utility), GENPEPT and
TREMBL packages.

An additional means of determining homology is via
determination of candidate sequence hybridization, methods
of which are well described in the art (See, for example,
“Nucleic Acid Hybridization” Hames, B. D., and Higgins S.
J., Eds. (1985); Molecular Cloning, (2001), Sambrook and
Russell, eds.; and Current Protocols in Molecular Biology,
(1998) Ausubel, et al, eds.). In one embodiment, methods of
hybridization are carried out under moderate to stringent
conditions, to the complement of a DNA encoding a native
peptide derived from Nova-1, Nova-2, an ELAV/Hu protein,
FXRP, SS-A, SS-B, an RNP protein, calreticulin, SMN
protein, a protein belonging to the CELF proteins family, or
SCAT protein. Hybridization conditions being, for example,
overnight incubation at 42° C. in a solution comprising:
10-20% formamide, 5xSSC (150 millimolar (mM) NaCl, 15
mM trisodium citrate), 50 mM sodium phosphate (pH 7.6),
5xDenhardt’s solution, 10% dextran sulfate, and 20 pg/ml
denatured, sheared salmon sperm DNA.

Protein and/or peptide homology for any amino acid
sequence listed herein are, in one embodiment, determined
by methods well described in the art, including immunoblot
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analysis, or via computer algorithm analysis of amino acid
sequences, utilizing any of a Number of software packages
available, via established methods. Some of these packages
may include the FASTA, BLAST, MPsrch or Scanps pack-
ages, and may employ the use of the Smith and Waterman
algorithms, and/or global/local or BLOCKS alignments for
analysis, for example. In another embodiment, the web site
clustalw is used for analysis (FIG. 8B). The use of each of
these methods is known to those skilled in the art. Each
method for determining homology represents an additional
embodiment of the present invention.

In one embodiment, step (c) comprises selecting the
RBP-RNA complex by immunoprecipitation (IP). In another
embodiment, the RBP-RNA complex is selected by mag-
netic separation. In one embodiment, the IP is performed in
a similar manner to one of the embodiments described in
Example 1.

The term “IP” herein, refers, in one embodiment, to a
technique for selecting a molecule of interest from a bio-
logical sample. Briefly, the biological sample is contacted
with a molecule that interacts with the molecule of interest
and attaching or adhering the molecule that interacts with
the molecule of interest to a substrate. IP may include a step
of' washing the substrate to remove impurities. IP may, in one
embodiment, comprise protein A/sepharose beads. In
another embodiment, IP may comprise protein G/sepharose
beads. In one embodiment, IP comprises magnetic beads
such as Dynabeads. In another embodiment, IP may com-
prise any type of solid support, such as any type of bead,
plate, column, a fiber, or an array. The molecule that
specifically interacts with a component of the RBP-RNA
complex of interest may be attached, in one embodiment, to
the substrate using any known method, including chemical
or physical attachment in some embodiments, as known in
the art. Techniques for performing IP are known to those
skilled in the art (see, for example, Current Protocols in
Molecular Biology, (1998) Ausubel, et al, eds.) Each such
method represents a separate embodiment of the present
invention.

In one embodiment, step (c) comprises solid phase
absorption using calcium phosphate gel or hydroxyapatite,
or solid phase binding. Solid phase binding is performed, in
one embodiment, through ionic bonding, with either an
anion exchanger, such as diethylaminoethyl (DEAE), or
diethyl aminoethyl (QAE) SEPHADEX or cellulose; or with
a cation exchanger such as carboxymethyl (CM) or sulfo-
propyl (SP) SEPHADEX or cellulose. Alternative means of
solid phase binding include the exploitation of hydrophobic
interactions e.g., the using of a solid support such as
phenyl-SEPHAROSE and a high salt buffer; affinity-bind-
ing, using, e.g., placing a specific DNA binding site of a Stat
protein to an activated support; immuno-binding, using e.g.,
an antibody to the Stat protein bound to an activated support;
as well as other solid phase supports including those that
contain specific dyes or lectins etc. A further solid phase
support technique that is often used at the end of the
purification procedure relies on size exclusion, such as
SEPHADEX and SEPHAROSE gels, or pressurized or
centrifugal membrane techniques, using size exclusion
membrane filters. Each of these methods represents a sepa-
rate embodiment of the invention.

In another embodiment, a silaceous or silane-containing
substrate such as, for example, glass, porous silica, or
oxidized silicon materials is used as a solid support. This
technique may be effected by any method well known to one
skilled in the art, such as, for example, the method cited in
U.S. Pat. No. 6,426,183.
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In one embodiment, selecting the RBP-RNA complex of
interest in step (c) comprises a separation step. In one
embodiment, solid phase support separations are generally
performed batch-wise with low-speed centrifugations or by
column chromatography. In another embodiment, magnetic
separation methods such as Dynabeads are used. In another
embodiment, liquid chromatography separation is per-
formed, using, for example, high performance liquid chro-
matography (HPLC), including such related techniques as
FPLC. In another embodiment, size exclusion techniques
may also be accomplished with the aid of low speed cen-
trifugation. In addition, size permeation techniques such as
gel electrophoretic techniques may be employed for sepa-
ration. These techniques are generally performed in tubes,
slabs or by capillary electrophoresis. Each of these methods
represents a separate embodiment of the invention.

In one embodiment, the molecule that specifically inter-
acts with a component of the RBP-RNA complex of interest
of step (c) is an antibody that specifically binds the compo-
nent. In another embodiment, the molecule is a nucleic acid
that binds the component (e.g., an antisense molecule, an
RNA molecule that binds the component). In another
embodiment, the molecule is any other compound or mol-
ecule that binds a component of the complex. Each type of
molecule represents a separate embodiment of the present
invention.

The term “antibody” refers, in one embodiment, to an
antiserum. In another embodiment, “antibody” refers to a
purified antibody. In another embodiment, “antibody” refers
to a modification of a purified antibody. In another embodi-
ment, the antibody is polyclonal. In another embodiment,
the antibody is monoclonal. Each type of antibody repre-
sents a separate embodiment of the present invention.

In one embodiment, the molecule that specifically inter-
acts with a component of the RBP-RNA complex of interest
binds the component directly (e.g., may be, in one embodi-
ment, an antibody specific for the component), or binds the
component indirectly (e.g., may be, in one embodiment, an
antibody or binding partner for a tag on the component). The
molecule that specifically interacts with a component of the
RBP-RNA complex of interest of step (c) is attached, in one
embodiment, to a solid support, such as a bead, plate, a
column, a fiber, or an array. The molecule that specifically
interacts with a component of the RBP-RNA complex of
interest may be attached to the solid support using any
known method, including chemical or physical attachment
in some embodiments, as known in the art. Each molecule
represents a separate embodiment of the present invention.

In another embodiment, the component is modified with
a selectable element, the properties of which may then be
exploited in order to remove the RBP-RNA complex from
the mixed population. Non-limiting examples of selectable
elements include: nucleic acid sequences, ligands, receptors,
antibodies, hapten groups, antigens, biotin, streptavidin,
enzymes and enzyme inhibitors. Once a component con-
taining a selectable element is complexed to the target
sequence, the RBP-RNA complex is exposed to a reagent
capable of binding the selectable element and the RBP-RNA
complex is removed from the mixed population. In another
embodiment, glutathione-S-transterase/protease fusion pro-
teins can be adsorbed onto glutathione sepharose beads.
Each of these methods represents a separate embodiment of
the present invention.

The term “biotin” herein includes, in one embodiment,
any of the biotin derivatives that are described in the art. See,
for example, U.S. Pat. No. 6,613,516 and references cited
therein.
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In another embodiment, the molecule that specifically
interacts with a component of the RBP-RNA complex of
interest is bound by a secondary binding molecule. The
secondary binding molecule may bind the molecule that
specifically interacts with a component of the RBP-RNA
complex of interest directly or indirectly. Examples of
direct-binding secondary molecules comprise antibodies.
For example, an RBP-RNA complex of interest is bound by
a primary antibody, and an antibody recognizing the immu-
noglobulin chain of the primary antibody is then used to
select the bound complex. Examples of indirect-binding
secondary molecules comprise antibodies or binding part-
ners for a tag on the molecule that specifically interacts with
a component of the RBP-RNA complex of interest. For
example, an RBP-RNA complex of interest is bound by a
primary antibody that contains an epitope tag, and an
antibody recognizing the epitope tag of the primary antibody
is then used to select the bound complex. Accordingly, in the
aforementioned embodiments, the RBP-RNA complex is
attached to the solid support via the ligand and binding
molecule.

Alternatively, the molecule that specifically interacts with
a component of the RBP-RNA complex of interest can be
modified with a selectable element, the properties of which
may then be exploited in order to remove the RBP-RNA
complex from the mixed population. Non-limiting examples
of selectable elements include: nucleic acid sequences,
ligands, receptors, antibodies, hapten groups, antigens, bio-
tin, streptavidin, enzymes and enzyme inhibitors. Once a
molecule that specifically interacts with a component of the
RBP-RNA complex of interest containing a selectable ele-
ment is complexed to the RBP-RNA complex, the biological
sample is exposed to a reagent capable of binding the
selectable element and the RBP-RNA complex is removed
from the mixed population.

The RBP-RNA complex of interest is selected in step (c),
in one embodiment, by removing it from the solid support
(i.e., the complex is washed off the solid support using
suitable conditions and solvents). In another embodiment,
the RBP-RNA complex of interest may remain on the solid
support.

A variety of epitopes may be used to tag a protein, while
retaining at least part of the biological activity of the
unmodified protein. Such epitopes may be naturally-occur-
ring amino acid sequences found in nature, artificially con-
structed sequences, or modified natural sequences. Recently,
a variety of artificial epitope sequences have been described
that have been shown to be useful for tagging and detecting
recombinant proteins. In one embodiment, an artificial
epitope sequence with the eight amino acid FLAG marker
peptide (Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys) (SEQ ID No
470), has been useful for detection as well as affinity
purification of recombinant proteins, with antibodies recog-
nizing the epitope readily available (Brewer et al Bioprocess
Technol. 2:239-266; Kunz et al J. Biol. Chem. 267:9101-
9106).

Additional artificial epitope tags include an improved
FLAG tag having the sequence Asp-Tyr-Lys-Asp-Glu-Asp-
Asp-Lys (SEQ ID No 471), a nine amino acid peptide
sequence Ala-Trp-Arg-His-Pro-Gln-Phe-Gly-Gly (SEQ ID
No 472) referred to as the “Strep tag” (Schmidt et al, J.
Chromatography 676:337-345), poly-histidine sequences,
e.g., a poly-His of six residues which is sufficient for binding
to IMAC beads, an eleven amino acid sequence from human
c-myc recognized by monoclonal antibody 9E10, or an
epitope represented by the sequence Tyr-Pro-Tyr-Asp-Val-
Pro-Asp-Tyr-Ala-lle-Glu-Gly-Arg (SEQ ID No 473)
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derived from an influenza virus hemagglutinin (HA) sub-
type, recognized by the monoclonal antibody 12CAS. Also,
the Glu-Glu-Phe sequence recognized by the anti-alpha-
tubulin monoclonal antibody YL1/2 has been used as an
affinity tag for purification of recombinant proteins (Stam-
mers et al., FEBS Lett. 283:298302).

Another commonly used artificial epitope is a poly-His
sequence having six histidine residues (His-His-His-His-
His-His) (SEQ ID No 474). Naturally occurring epitopes
include the eleven amino acid sequence from human c-myc
recognized by the monoclonal antibody 9E10 (Glu-Gln-Lys-
Leu-Leu-Ser-Glu-Glu-Asp-Leu-Asn) (SEQ ID No 475)
(Manstein et al. (1995) Gene 162:129-134). Another useful
epitope is the tripeptide Glu-Glu-Phe (SEQ ID No 476)
which is recognized by the monoclonal antibody YL 1/2
against alpha-tubulin. This tripeptide has been used as an
affinity tag for the purification of recombinant proteins.

In one embodiment, selecting the RBP-RNA complex in
step (c) is performed in the presence of an agent capable of
disrupting non-covalent interactions. In one embodiment,
the agent is a detergent. In one embodiment, the detergent is
ionic. In another embodiment, the detergent is non-ionic. In
certain embodiments, the detergent is selected from sodium
dodecyl sulfate (SDS) and sodium deoxycholate. In certain
other embodiments, the detergent is NP-40, tergitol, Tween
20, Saponin, or triton X-100. Disruption of non-covalent
interactions may also be achieved using aprotic solvents
such as dimethyl sulfoxide and hexamethylphosphoramide.
The use of detergents and other agents to disrupt non-
covalent interactions is well known in the art (see, for
example Molecular Cloning, (2001), Sambrook and Russell,
eds.; Methods in Enzymology: Guide to Molecular Cloning
Techniques (1987) Berger and Kimmel, eds.; and Current
Protocols in Molecular Biology, (1998) Ausubel, et al, eds.).
Each of the various agents that disrupts non-covalent inter-
actions that are described in the art represents a separate
embodiment of this invention.

“Intermolecular” and “non-covalent” are, in one embodi-
ment, interchangeable terms that refer to bonds between
biological macromolecules. In one embodiment, “intermo-
lecular” refers to bonds between components of a complex
such as an RBP-RNA complex. In one embodiment, the
agent utilized in step (d) only disrupt certain types of
intermolecular bonds. Each possibility represents a separate
embodiment of the present invention.

In one embodiment, step (c) is performed with a buffer.
The use of buffers is well known to those skilled in the art.
Typical buffers can be purchased from most biochemical
catalogues and include the classical buffers such as Tris,
pyrophosphate, monophosphate and diphosphate. A number
of references (Current Protocols in Molecular Biology,
(1998) Ausubel, et al, eds.; Good, N. E., et al., Biochemistry,
5, 467, Good, N. E. and Izawa, S., Meth. Enzymol., 24:3;
and Fergunson, W. J. and Good, N. E.; Anal. Biochem.
104:300) describe the use of pH buffers such as Mes, Hepes,
Mops, tricine and Ches. Buffers described in the literature
that may be useful may be referred to as SDS buffer, lysis
buffer, PJPA buffer, RIP buffer, IP buffer, washing buffer,
binding buffer, storage buffer, and blocking buffer. Buffer
may contain, for example, detergents, pH buffering agents,
salts, blocking agents, ion chelators, preservatives, such as,
for example, sodium azide, dyes, glycerol, protease inhibi-
tor, phosphatase inhibitors, among other substances. In one
embodiment, step (c) comprises the use of a high-salt buffer.
In one embodiment, a high-salt buffer has an osmolarity
greater than physiologic osmolarity. In another embodiment,
a high salt buffer has a salt content greater than physiological
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salt content Methods for calculating the osmolarity and salt
content of a buffer are well known to those skilled in the art.
Each buffer disclosed in the art represents a separate
embodiment of this invention.

In one embodiment, the RBP-RNA complex of interest is
first washed with a buffer containing an agent that disrupts
non-covalent interactions, and is subsequently washed with
a high-salt buffer. In another embodiment, the RBP-RNA
complex of interest is first washed with a high-salt buffer,
and is subsequently washed with a buffer containing an
agent that disrupts non-covalent interactions. In one embodi-
ment, the high salt buffer also contains an agent that disrupts
non-covalent interactions. In another embodiment, the high
salt buffer does not contain an agent that disrupts non-
covalent interactions. The high salt buffer may also contain
any of the other buffer components listed hereinabove. Each
of these techniques represents a separate embodiment of the
present invention.

In another embodiment, RNA in the RBP-RNA com-
plexes selected in step (c) is labeled. In one embodiment, the
labeling comprises the use of gamma->?P ATP and T4
polynucleotide kinase (PNK). T4 PNK leaves a 5' phosphate
on RNA molecules. Also, T4 PNK has a “resolving” activity
that opens up a 2', 3' cyclic phosphate at the 3' end of the
RNA fragments (for example, as remains after T1 RNAse
digestion) to yield a fraction of molecules with free 3'-OH
(FIG. 1A, step 3) (Walker et al, PNAS 72:122-6). In one
embodiment, fragments treated with T4 PNK are suitable for
directional ligation of nucleotide linkers onto the fragments.
For example, a linker containing a 5'-OH and a 3'-OH group
may only be able to be coupled to the 5' phosphorylated end
of the RNA fragment. By contrast, a nucleotide linker
containing a 5' phosphate and a 3' end blocked with puro-
mycin, may only be able to be linked to 3' end of the RNA
fragment (FIG. 1A, step 7). In another embodiment, frag-
ments treated with T4 PNK are suitable for directional
subcloning of the fragments into a vector.

In one embodiment, the sample is labeled with gamma-
32p ATP. Other detectable signal moieties suitable for use in
the present invention include any composition detectable by
spectroscopic, photochemical, biochemical, immunochemi-
cal, electrical, optical or chemical means. Useful labels in
the present invention include biotin for staining with labeled
streptavidin conjugate, magnetic beads (e.g., Dynabeads™),
fluorescent dyes (e.g., fluorescein, Texas red, rhodamine,
green fluorescent protein, and the like), radiolabels (e.g., 3H,
1251, 358, 14C, or 32P), enzymes (e.g., horseradish peroxi-
dase, alkaline phosphatase and others commonly used in an
ELISA), colorimetric labels such as colloidal gold or col-
ored glass or plastic (e.g., polystyrene, polypropylene, latex,
etc.) beads, and electron-dense labels such as gold, silver,
lead and other metals. Methods employing the use of such
labels are described in, for example, U.S. Pat. Nos. 3,817,
837; 3,850,752; 3,939,350, 3,996,345; 4,277,437; 4,275,
149; and 4,366,241 and references cited therein, or others
well known to one skilled in the art. The use of each of these
methods represents a separate embodiment of the present
invention.

In one embodiment of the present invention, a detectable
signal moiety is then reacted with the modified or unmodi-
fied 5' end of the fragments to produce labeled fragments.
For example, a biotin group such as PEO-lodoacetyl Biotin
may be conjugated to 5'-ends of the fragments which have
been modified by T4 polynucleotide kinase and gamma-S-
ATP. In one such embodiment, the label is supplied to the
nucleic acid by the addition of oxide biotinyl-iodacetamidyl-
3,6-dioxaoctanediamine (lodoacetyl Biotin), for example,
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by the addition of polyethylene oxide biotinyl-iodacet-
amidyl-3,6-dioxaoctanediamine (PEO-Iodoacetyl Biotin).
PEO-Iodoacetyl Biotin (Pierce Chemical Co. Product
#2133477) is a long-chain, water-soluble, sulthydryl
(—SH)-reactive biotinylation reagent. The PEO spacer arm
imparts high water solubility. Iodoacetyl Biotin (Pierce
Chemical Co. Product #2133377) is generally dissolved in
DMSO or DMF before use. The iodoacetyl functional group
reacts predominantly with free —SH groups. The reaction
occurs by nucleophilic substitution of iodine with a thiol
group, resulting in a stable thio-ether bond. The use of
PEO-Iodoacetyl Biotin as a biotinylation reagent for pro-
teins and antibodies has been described previously. See, for
example, Instructions for EZ-Link™ PEO-lodoacetyl Bio-
tin, Pierce Chemical Co. PEO-Iodoacetyl Biotin is also a
suitable label for nucleic acids. The use of lodoacetyl Biotin
as a biotinylation reagent for antibodies is described in, for
example, U.S. Pat. No. 5,137,804. The use of Iodoacetyl
Biotin as a label for the enzyme kinase is described in, for
example, (Jeong et al. Kinase “Assay Based on Thiophos-
phorylation and Biotinylation,” Biotechniques 27:1232-
1238 (December 1999)). We have also found that PEO-
Iodoacetyl Biotin can be conjugated to a nucleic acid
fragment without 5' modification. The use of each of these
methods represents a separate embodiment of the present
invention.

Means of detecting such labels are well known to those of
skill in the art. In one embodiment, radiolabels are detected
using photographic film or scintillation counters, fluorescent
markers may be detected using a photodetector to detect
emitted light. Enzymatic labels are, in one embodiment,
detected by providing the enzyme with a substrate and
detecting the reaction product produced by the action of the
enzyme on the substrate, and colorimetric labels are detected
by simply visualizing the colored label. Colloidal gold and
other electron-dense labels can be detected by measuring
scattered light. Each of these techniques represents a sepa-
rate embodiment of the present invention.

Methods for labeling the 5' end of an oligonucleotide,
which may be used in other embodiments, include, but are
not limited to, the following: (i) periodate oxidation of a
5'-to-5'-coupled ribonucleotide, followed by reaction with
an amine-reactive label (Heller & Morisson (1985) in Rapid
Detection and Identification of Infectious Agents, D. T.
Kingsbury and S. Falkow, eds., pp 245-256, Academic
Press); (ii) condensation of ethylenediamine with 5'-phos-
phorylated polynucleotide, followed by reaction with an
amine reactive label (Morrison, European Patent Applica-
tion 232 967 and references cited therein); and (iii) intro-
duction of an aliphatic amine substituent using an amino-
hexyl phosphite reagent in solid-phase DNA synthesis,
followed by reaction with an amine reactive label (Cardullo
et al. (1988) Proc. Natl. Acad. Sci. USA, 85:8790-8794).

In step (d) of the present invention, the RBP-RNA com-
plex of interest is purified under stringent conditions (FIG.
1A, steps 4-5). In one embodiment, as depicted in FIG. 1A,
the stringent conditions consist of SDS-PAGE, transfer to a
nitrocellulose (NC) filter, and digestions with Proteinase K.
SDS-PAGE separates covalently linked RBP-RNA com-
plexes from free RNA and RBP-RNA complexes that are not
covalently linked. The radioactive label of this embodiment
allows visualization of these different populations of RNA,
and of a band containing the RBP-RNA complexes of
interest (FIG. 1B-C). Transfer of the material in the gel to the
NC filter constitutes a further purification step, as NC binds
protein-bound but not free RNA. Digestion of the protein
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with Proteinase K results in extraction from the NC filter of
RNA molecules of the RBP-RNA complexes.

In one embodiment, “purification” refers to removal of
the RNA molecule of interest from the RBP-RNA complex.
In one embodiment, this removal comprises digestion of one
or more other components of the RBP-RNA complex. In
another embodiment, “purification” refers to purification of
the RNA molecule of interest together with one or more
components of the RBP-RNA complex.

In one embodiment, the purification of step (d) is per-
formed in the presence of an agent capable of disrupting
non-covalent interactions as disclosed herein. In another
embodiment, the RBP-RNA complex of interest is heated in
the presence of a buffer as part of step (d). In one embodi-
ment, the biological sample is heated to a temperature of
about 100° Celsius (C). In one embodiment, the biological
sample is heated to a temperature greater than about 25° C.
In one embodiment, the biological sample is heated to a
temperature greater than about 4° C. Each of these tech-
niques represents a separate embodiment of the present
invention.

In one embodiment, the RBP-RNA complex is purified by
a chromatographic method. In another embodiment, the
purification may utilize other methods known in the art.

Other embodiments of techniques which can be applied or
combined to purify the RBP-RNA complex of interest
comprise chemical extraction, such as phenol or chloroform
extract, dialysis, precipitation such as ammonium sulfate
cuts, electrophoresis, and chromatographic techniques. In
another embodiment, chemical isolation techniques are used
for removal of bulk quantities of non-proteinaceous mate-
rial, and may therefore be used for purifying an RBP-RNA
complex of interest. Electrophoretic separation involves
placing the biological sample into wells of a gel. In one
embodiment, the gel is a denaturing gel. In another embodi-
ment, the gel is a non-denaturing gel. In another embodi-
ment, the gel is a polyacrylamide gel. In another embodi-
ment, the gel is an agarose gel. Direct or pulsed current is
applied to the gel and the various components of the system
separate according to molecular size, configuration, charge
or a combination of their physical properties. Methods for
the purification of protein from acrylamide and agarose gels
are known and commercially available. Each of these tech-
niques represents a separate embodiment of the current
invention.

In one embodiment, the chromatographic method is per-
formed in the presence of an agent capable of disrupting
non-covalent interactions. In one embodiment, the agent is
a detergent. In one embodiment, the detergent is ionic. In yet
another embodiment, the detergent is non-ionic. In certain
embodiments, the detergent is selected from sodium dodecyl
sulfate (SDS) and sodium deoxycholate. In certain other
embodiments, the non-ionic detergent is NP-40, tergitol,
Tween 20, or triton X-100. Disruption of non-covalent
interactions may also be achieved using aprotic solvents
such as dimethyl sulfoxide and hexamethylphosphoramide.
The use of detergents and other agents to disrupt non-
covalent interactions is well known in the art (see, for
example Molecular Cloning, (2001), Sambrook and Russell,
eds.; and Current Protocols in Molecular Biology, (1998)
Ausubel, et al, eds.). Each of the agents that disrupts
non-covalent interactions represents a separate embodiment
of this invention.

In one embodiment, the chromatographic method is gel
filtration. In another embodiment, the chromatographic
method is fast-pressure liquid chromatography. In another
embodiment, the chromatographic method is high-pressure
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liquid chromatography. In another embodiment, the chro-
matographic method is reverse-phase chromatography. In
another embodiment, the chromatographic method is affinity
chromatography. In another embodiment, the chromato-
graphic method is ion exchange chromatography.

The chromatographic method utilizes, in one embodi-
ment, a gel. In another embodiment, the chromatographic
method utilizes a column. In another embodiment, the
chromatographic method utilizes a liquid phase apparatus.
In another embodiment, the chromatographic methods uti-
lizes a thin-layer apparatus. In another embodiment, the
chromatographic methods utilizes any other chromato-
graphic method known in the art. Each type of chromato-
graphic method represents a separate embodiment of the
current invention.

In one embodiment, the gel utilized in the chromato-
graphic method may comprise acrylamide. In another
embodiment, the gel utilized may comprise agarose. In
another embodiment, the gel utilized may comprise any
other matrix constituent known in the art. The use of such
constituents is well known to those skilled in the art. Each
of these techniques represents a separate embodiment of the
current invention.

In another embodiment, the chromatographic method is
performed in the presence of a pH buffering agent. In
another embodiment, the pH buffering agent prevents or
reduces alkalinization. In one embodiment, purifying the
RBP-RNA complex of interest in step (d) is performed in the
presence of a reducing agent. In another embodiment, step
(d) is performed in the absence of reducing agent. Each of
these techniques represents a separate embodiment of the
current invention.

In one embodiment of the current invention, purifying the
RBP-RNA complex of interest in step (d) comprises trans-
ferring the RBP-RNA complex of interest to a substrate. In
one embodiment, the substrate is a membrane. In one
embodiment, the substrate is composed of, for example, NC
(Example 1), nylon (Stahl et al., Appl. Environ. Microbiol.,
54:1079-1084), a silaceous or silane-containing substrate
such as for example, glass, porous silica, or oxidized silicon
materials, (U.S. Pat. No. 6,426,183 and references cited
therein) silica gel, glass fibers, quartz fibers, and zeolites
(U.S. Pat. No. 6,383,393 and references cited therein), or
any other substrate known in the art, as described, for
example in Molecular Cloning, (2001), Sambrook and Rus-
sell, eds.; Methods in Enzymology: Guide to Molecular
Cloning Techniques (1987) Berger and Kimmel, eds.; or in
Current Protocols in Molecular Biology (1998) Ausubel, et
al, eds.). Each of these techniques represents a separate
embodiment of the current invention.

In one embodiment, the substrate may preferentially bind
RNA covalently bound to protein over RNA not covalently
bound to protein. In another embodiment, the substrate may
exclusively bind RNA covalently bound to protein over
RNA not covalently bound to protein.

In one embodiment, the RBP-RNA complex of interest is
transferred to the substrate by electrophoresis. The use of
electrophoresis is well known to those skilled in the art. In
some embodiments, the RBP-RNA complex of interest is
transferred to the substrate using, for example, electro-
blotting, capillary electrophoresis, positive pressure blot-
ting, vacuum blotting, direct blotting, mechanical blotting,
or, for example, any of the methods described in U.S. Pat.
No. 6,602,391 and references cited therein. Each of these
techniques represents a separate embodiment of the current
invention. In another embodiment, the RBP-RNA complex
of interest is transferred to the substrate using the methods
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described in U.S. Pat. No. 6,383,393 and references cited
therein. Each of these methods represents a separate embodi-
ment of the present invention.

In one embodiment, the transfer of the RBP-RNA com-
plex of interest to a substrate may involve a semipermeable
membrane. In another embodiment, the transfer may involve
a micro-porous composites or a micro-porous membrane. In
one embodiment, the transfer apparatus may be vertical. In
another embodiment, the transfer apparatus may be hori-
zontal. Each of these methods represents a separate embodi-
ment of the present invention.

In one embodiment, purifying the RBP-RNA complex of
interest in step (d) comprises eluting the RBP-RNA complex
from the substrate. In one embodiment, the elution com-
prises physically removing the section of the substrate
containing the RBP-RNA complex of interest. In one
embodiment, the elution comprises, for example, digestion
with Proteinase K or a homologous enzyme. Proteinase K is
capable of efficiently digesting protein in an RBP-RNA
complex, liberating RNA in the complex from a substrate
and yielding products that can be used for ligation and
amplification (FIG. 2).

In another embodiment, the RBP-RNA complex of inter-
est is eluted from the substrate by digestion with a member
of one of the following classes of proteases or their homo-
logues: Aspartyl proteases, caspases, thiol proteases, Insu-
linase family proteases, zinc binding proteases, Cytosol
Aminopeptidase family proteases, Zinc carboxypeptidases
Neutral Zinc Metallopeptidases, extracellular matrix metal-
loproteinases, matrixins, Prolyl oligopeptidases, Aminopep-
tidases, Proline Dipeptidases, Methionine aminopeptidases,
Serine Carboxypeptidases, Cathepsins, Subtilases, Protea-
some A-type Proteases, Proteosome B-type Proteases,
Trypsin Family Serine Proteases, Subtilase Family Serine
Proteases, Peptidases, Ubiquitin carboxyl-terminal hydro-
lases, or other proteases described in U.S. Pat. No. 6,395,889
and references cited therein. In another embodiment, the
elution comprises the methods described in U.S. Pat. No.
6,383,393 and references cited therein. A number of these
proteases are commercially available. The use of these
proteases is known to those skilled in the art, and is
described in, for example, Lundell et al (Anal Biochem 266:
31-47) and product literature from Roche and Sigma-Al-
drich. Each of these techniques represents a separate
embodiment of the current invention.

In one embodiment, RNA molecules from RNA-protein
complexes of interest are analyzed. In one embodiment, the
analysis may comprise electrophoresis. In one embodiment,
the electrophoresis may be carried out with SDS-PAGE
(FIG. 1A, step 6 and FIG. 2). SDS-PAGE electrophoresis
reveals the approximate size of nucleic acid molecules. This
technique is well known to those skilled in the art, and is
described in, for example, Molecular Cloning, (2001), Sam-
brook and Russell, eds. In another embodiment, RNA from
the RBP-RNA complex of interest is size purified. The
analysis or size purification may utilize any chromatography
method described herein, or any other method described in
the art. Each such method represents a separate embodiment
of the current invention.

Size purification is, in one embodiment, an effective
method of following the various steps involved in amplify-
ing and identifying RNA molecules of interest. In another
embodiment, size purification may increase the purity of
products obtained (FIG. 1A, step 6 and FIG. 2).

In one embodiment (depicted in FIG. 1A), RNA mol-
ecules from the RBP-RNA complexes of interest are then
identified. Identification is accomplished, according to this
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aspect, by linker ligation, reverse transcriptase-polymerase
chain reaction (RT-PCR), which amplifies the RNA mol-
ecules, ligation into a vector, and sequencing (step 7). In
another embodiment, the RBP-RNA complex of interest is
not identified. Analysis of RNA molecules (step 6) may also
be useful at one or more stages in the steps comprising the
identification process, as described herein. In one embodi-
ment, this method is used to identify RNA molecules that
affect gene silencing or post-transcriptional regulation of
gene expression.

In one embodiment of the current invention, nucleotide
linkers are ligated to an RNA molecule in the RBP-RNA
complex of interest. “Ligation”, in all the applications
described herein, refers, in one embodiment, to attaching an
end of a nucleotide molecule to another end of a nucleotide
molecule. The two ends that are joined may be from separate
molecules or the same molecule. Ligation of nucleotide
linkers facilitates subsequent amplification (FIG. 1A, step
7). In one embodiment, the ligation is performed with T4
RNA ligase or a homologous enzyme. Alternately, the
ligation can be performed by any RNA ligase known in the
art. Methods of ligation and the use of various ligases and
methods for using them are described in, for example,
Molecular Cloning, (2001), Sambrook and Russell, ed. or
Methods in Enzymology: Guide to Molecular Cloning Tech-
niques (1987) Berger and Kimmel, eds. Each such ligase
represents an additional embodiment of the current inven-
tion.

In another embodiment, there are provided nucleotide
linkers comprising a nucleic acid having a sequence selected
from the group consisting of: 5' P-CGACCUGCAGGC-
UUCCUGC-puromycin (SEQ ID No 487); 5' OH-CUUAG-
GUGGAAGGGCAAGCG-OH 3' (SEQ ID No 488); &'
P-GGG CAACAGGUACCAAACUC-puromycin (SEQ ID
No 489); 5' OH-CUUAGGUGGUACCGCAAGCG-OH 3'
(SEQ ID No 490); 5' P-PGGGCAACAGUAGAUAAA-
CUC-puromycin (SEQ ID No 491); 5'-OH TCGGGC-
GAGTCGTCTG-OH 3' (SEQ ID No 483); 5-P CCG-
CATCGTCCTCCC puromycin) (SEQ ID No 484);
5-TCGGGCGAGTCGTCTG (SEQ ID No 485); and
GGGAGGACGATGCGG (SEQ ID No 486); 3' link RNA
(5'-P CAG ACG ACG AGC GGG A 3'-puromycin) (SEQ ID
No 478); GL5 DNA (AGG GAG GAC GAT GCG G) (SEQ
ID No 479); GL3 DNA (TCC CGC TCG TCG TCT G) (SEQ
ID No 480); S5CLIPcloneNofl (CAGTGCTGCGCGGC-
CGCAGGGAGGACGATGCGG) (SEQ ID No 481,
3CLEPcloneAscl (TCAAGTCAGGGCGCGCCTC-
CCGCTCGTCGTCTG) (SEQ ID No 482); and a sequence
as set forth in (SEQ ID No 477-486 and 497-502). In one
embodiment, the linkers may be useful in methods compris-
ing ligation to a nucleotide molecule. In one embodiment
(depicted in FIGS. 1 and 2), the linkers may be directionally
ligated to the ends of RNA fragments to facilitate cDNA
synthesis and RT-PCR. In another embodiment, the linkers
may be used in a non-directional manner. In another embodi-
ment, the linkers may be used to facilitate a different later
step other than cDNA synthesis or RT-PCR.

In one embodiment of the current invention, the nucleo-
tide linkers are directionally oriented. In another embodi-
ment of the current invention, the nucleotide linkers are not
directionally oriented.

The term “nucleotide linker”, in one embodiment, refers
to an oligonucleotide ligated onto the end of an RNA
fragment. In another embodiment, “nucleotide linker” refers
to an oligonucleotides used as primers in a polymerase chain
reaction (PCR) reaction. In one embodiment, the nucleotide
linkers are suitable for directional ligation. In one embodi-
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ment, the nucleotide linkers are suitable for PCR amplifi-
cation. In another embodiment, the nucleotide linkers are
suitable for subcloning.

In one embodiment, the nucleotide linkers comprise RNA
or a derivative thereof. In one embodiment, the nucleotide
linkers comprise DNA or a derivative thereof. In one
embodiment, the nucleotide linkers comprise any other
nucleic acid or nucleic acid derivative disclosed herein.

In another embodiment of the current invention, there is
provided a method of using linkers comprising a sequence as
set forth in SEQ ID No 477-502 to amplify a nucleic acid
molecule. The method may comprise, in one embodiment,
the following steps: (a) ligating the nucleic acid molecule to
one or more of the linkers; (b) synthesizing a nucleic acid
strand complementary to a product of step (a) using one or
more of the linkers as a primer; (¢) amplifying a product of
step (b) by PCR, using one or more of the linkers as a primer.
In another embodiment, an amplification step other than
PCR may be used. In another embodiment, the method may
further comprise size separation, phenol/chloroform purifi-
cation, or ethanol precipitation. Methods for these tech-
niques are known in the art and are described, for example,
in Example 1 and in Molecular Cloning, (2001), Sambrook
and Russell, eds. Each such method represents a separate
embodiment of the present invention.

In one embodiment of the current invention, an RNA
molecule in the RBP-RNA complex of interest is amplified.
In one embodiment, the amplification utilizes PCR. “PCR”,
in one embodiment, is a process in which nucleic acid is
amplified (i.e., the copy number is increased). Briefly, a
nucleic acid molecule desired to be amplified is incubated
with oligonucleotides known as “primers”, mononucle-
otides, and a polymerase, and is put though a cycle of
temperature changes that facilitate denaturation, annealing
of the primers to the molecule desired to be amplified, and
extension of the primers to create additional copies of the
molecule. Generally, PCR primers will be identical or simi-
lar in sequence to opposite strands of the template to be
amplified. The 5' terminal nucleotides of the two primers
may coincide with the ends of the amplified material. PCR
can be used to amplify specific RNA sequences, specific
DNA sequences from total genomic DNA, and cDNA tran-
scribed from total cellular RNA, bacteriophage or plasmid
sequences, etc. In some embodiments, the XI.-PCR kit (PE
Biosystems), nested primers, and commercially available
c¢DNA or genomic DNA libraries may be used to extend the
nucleic acid sequence. In some embodiments, primers may
be designed using commercially available software, such as
OLIGONUCLEOTIDE 4.06 primer analysis As used herein,
PCR is considered to be one, but not the only, example of a
nucleic acid polymerase reaction method for amplifying a
nucleic acid test sample. Methods for amplification of
nucleic acid are known to those skilled in the art (see, for
example, Mullis et al., Cold Spring Harbor Symp. Quant.
Biol., 51:263; Erlich et al, PCR Technology (Stockton Press,
N.Y., 1989); and U.S. Pat. No. 4,683,195 and references
cited therein). Each such method represents a separate
embodiment of the current invention.

In one embodiment, “cDNA” refers to a DNA molecule
that is complementary to an RNA molecule. In one embodi-
ment, the RNA molecule serves as a substrate for the
synthesis of the DNA molecule.

In one embodiment, the present invention provides a
method of detecting an RNA motif which represents a
binding site on the RNA molecule for the RBP. In one
embodiment, the motif may be detected. In one embodi-
ment, the detection comprises partial fragmentation, diges-
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tion, hydrolysis, or physical or chemical treatment, as
described for step (b) hereinabove. Each of these methods
represents a separate embodiment of the invention.

A method for identifying a candidate RNA motif that may
mediate binding to an RNA binding protein of interest,
comprising the steps of (a) purifying a plurality of RNA
molecules interacting with said RNA binding protein of
interest by the CLIP method; (b) obtaining sequences from
a subset of said plurality of RNA molecules; and (c) detect-
ing a presence of said candidate RNA motif in two of said
sequences, thereby identifying a candidate RNA motif that
may mediate binding to an RNA binding protein of interest.

In one embodiment, said motif interacts with a Nova-1
protein. In another embodiment, said motif interacts with a
Nova-2 protein. In another embodiment, said motif interacts
with a HuA. In another embodiment, said motif interacts
with a HuB. In another embodiment, said motif interacts
with a HuC. In another embodiment, said motif interacts
with a HuD. In another embodiment, said motif interacts
with a FMRP. In another embodiment, said motif interacts
with a FXRP1. In another embodiment, said motif interacts
with a FXRP2. In another embodiment, said motif interacts
with a combination of any of the above. In another embodi-
ment, said motif interacts with any other RBP known in the
art. Each possibility represents a separate embodiment of the
present invention.

In one embodiment, the detection comprises determining
the sequence of an RNA molecule from the RBP-RNA
complex of interest. In one embodiment, the detection
comprises analysis or comparison of multiple sequences
identified by the present invention (Example 3). Analysis or
comparison of multiple sequences may be performed manu-
ally, or using one of various methods for determining
homology described hereinabove. Each of these methods
represents a separate embodiment of the invention.

In one embodiment, the detection comprises amplifica-
tion, as described herein. In one embodiment, the detection
comprises inserting a nucleic acid molecule from the RBP-
RNA complex of interest into a vector. In one embodiment,
the detection comprises inserting an amplified product of a
nucleic acid molecule from the RBP-RNA complex of
interest into a vector. The insertion may be performed by any
technique known in the art. Such techniques are described,
for example, in Molecular Cloning, (2001), Sambrook and
Russell, ed. or Methods in Enzymology: Guide to Molecular
Cloning Techniques (1987) Berger and Kimmel, eds. Each
such technique represents a separate embodiment of the
present invention.

In one embodiment, the detection involves RNA foot-
printing. Methods for RNA footprinting are known to those
skilled in the art, and comprise the use of chemical or
enzymatic means of nicking RNA. Such methods are
described in Curr Opin Struct Biol 12:648-53 and references
cited therein, and in Molecular Cloning, (2001), Sambrook
and Russell, ed. or Methods in Enzymology: Guide to
Molecular Cloning Techniques (1987) Berger and Kimmel,
eds. Each of these methods represents a separate embodi-
ment of the invention

In one embodiment, the component that interacts with the
RNA motif may be a protein. In another embodiment, the
component that interacts with the RNA motif may be a
nucleic acid. In another embodiment, the component that
interacts with the RNA motif may be another molecule or
compound (e.g., carbohydrate, lipid, vitamin, etc.) that asso-
ciates with the RBP-RNA complex.

In one embodiment, the word “motif” refers to a portion
of an RNA molecule. In another embodiment, the word
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“motif” refers to an entire RNA molecule. In another
embodiment, the word “motif” refers to a portion of an RNA
molecule that exhibits a particular structure. In another
embodiment, the word “motif” refers to a particular struc-
ture. In another embodiment, the word “motif” refers to an
element of structure that recurs in more than one context. In
another embodiment, the word “motif” refers to a sequence
that recurs in more than one context. Each of these repre-
sents a separate embodiment of the present invention.

In one embodiment of the present invention, the step of
identifying an RNA molecule or motif in the RBP-RNA
complex of interest comprises the use of hybridization to
nucleic acid arrays. Those of skill in the art will appreciate
that an enormous Number of array designs are suitable for
the practice of this invention. High-density arrays may be
used for a variety of applications, including, for example,
gene expression analysis, genotyping, variant detection, and
analysis of alternate splicing patterns.

Any of various techniques for large-scale polymer syn-
thesis and probe array manufacturing known to one skilled
in the art may be utilized, such as, for example, U.S. Pat.
Nos. 5,143,854, 5,242,979, 5,252,743, 5,324,663, 5,384,
261, 5,405,783, 5,412,087, 5,424,186, 5,445,934, 5,451,683,
5,482,867, 5,489,678, 5,491,074, 5,510,270, 5,527,681,
5,550,215, 5,571,639, 5,593,839, 5,599,695, 5,624,711,
5,631,734, 5,677,195, 5,744,101, 5,744,305, 5,753,788,
5,770,456, 5,831,070, 6,040,193 and 5,856,011. Each of
these techniques represents a separate embodiment of the
present invention.

In another embodiment, the present invention provides a
method of assessing a level of association of an RNA
transcript of interest with an RBP of interest, comprising the
steps of: (a) contacting an RBP-RNA complex containing
said RBP of interest with an agent that creates a covalent
bond between two components of said RBP-RNA complex;
(b) cleaving an RNA molecule of said RBP-RNA complex
with an agent capable of cleaving a bond of said RNA
molecule, thereby generating a fragment of said RNA mol-
ecule, wherein said fragment is at least 22 nucleotide bases
in length; (c) selecting said RBP-RNA complex with a
molecule that specifically interacts with a component
thereof; (d) purifying said RBP-RNA complex, wherein said
puritfying comprises a chromatographic method; and (e)
assessing a presence or amount of said RNA transcript of
interest or a fragment thereof in said plurality of RNA
molecules, thereby assessing a level of association of an
RNA transcript of interest with an RBP of interest.

In another embodiment, the present invention provides a
method of screening a test compound for its ability to
modulate a level of association between an RBP and an
RNA transcript, comprising the steps of: (a) assessing a first
level of association between said RBP and said RNA tran-
script in a first cell by the method described in the previous
paragraph, wherein said first cell has been contacted with
said test compound; (b) assessing a second level of asso-
ciation between said RBP and said RNA transcript in a
second cell by the method described in the previous para-
graph, wherein said second cell has not been contacted with
said test compound; and (c¢) comparing said first level of
association with said second level of association, wherein a
difference between said first level of association and said
second level of association indicates an ability of said test
compound to modulate a level of association between said
RBP and said RNA transcript.

In another embodiment, the present invention provides a
method of treating a disease or disorder in a subject, wherein
the disease or disorder is associated with a function of an
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RNA binding protein, comprising contacting a cell in the
subject with an agent that modulates an expression or
activity of a gene, or a protein encoded by the gene, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 1-335, thereby treating a disease or
disorder in a subject.

In another embodiment, the present invention provides a
method of treating a disease or disorder in a subject, wherein
the disease or disorder is associated with a function of an
RNA binding protein, comprising contacting a cell in the
subject with an agent that modulates an expression or
activity of a gene, or a protein encoded by the gene, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 336-449, thereby treating a disease or
disorder in a subject.

In another embodiment, the present invention provides
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 1-335, comprising assessing a splicing
pattern of the transcript in a biological sample from the
subject; assessing a splicing pattern of a reference standard;
and comparing the splicing pattern of the transcript to the
splicing pattern of a reference standard, thereby diagnosing
a disease or disorder associated with an alternate splicing
pattern of a gene in a subject.

In another embodiment, the present invention provides
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, wherein
atranscript of the gene comprises a nucleic acid sequence set
forth in SEQ ID No 336-449, comprising assessing a splic-
ing pattern of the transcript in a biological sample from the
subject; assessing a splicing pattern of a reference standard;
and comparing the splicing pattern of the transcript to the
splicing pattern of a reference standard, thereby diagnosing
a disease or disorder associated with an alternate splicing
pattern of a gene in a subject.

“Associated with,” in one embodiment, refers to a corre-
lation of a parameter associated with the RNA binding
protein with the presence of the disease or disorder. In
another embodiment, “associated with” refers to a correla-
tion of a parameter associated with the RNA binding protein
with the progress of the disease or disorder. In another
embodiment, “associated with” refers to a correlation of a
parameter associated with the RNA binding protein with a
predisposition to the disease or disorder.

In another embodiment, the present invention provides a
method of analyzing one or more RNA sequences identified
by a method of the invention. Such analysis may, in one
embodiment, be used to reveal motifs or patterns among the
RNA sequences (Example 3). In another analysis, such
analysis may be used to reveal RNA molecules that were not
previously known to interact with the component of the
RBP-RNA complex that was selected (Examples 3-5). In
another analysis, such analysis may be used to reveal
information about the expression pattern or splicing pattern
of'a gene encoded by the parent RNA molecules of the RNA
fragments analyzed (Example 3).

In another embodiment, the present invention provides a
method of identifying a motif on an RNA of the RBP-RNA
complex of interest that interacts with a component of the
RBP-RNA complex of interest. In one embodiment, the
motif may be a protein-binding site (Example 3). In another
embodiment, the analysis may reveal a previously unknown
binding motif. In another embodiment, the analysis may
improve existing knowledge about a binding motif, such as
information about the role of surrounding sequence (Ex-
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ample 3). In another embodiment, information from the
location of binding sites may, in conjunction with informa-
tion about the splicing or expression pattern of the parent
RNA molecules of the fragments, reveal information about
the role of the selected component of the RBP-RNA com-
plex in regulating the expression or splicing pattern of RNA
molecules.

In one embodiment, identification or analysis of RNA
fragments purified by the present invention may comprise
the use of nucleic acid arrays. In one embodiment, the
nucleic acid array may be a high-density array. A high-
density array will typically include a number of probes that
specifically hybridize to the nucleic acid(s) whose expres-
sion is to be detected. Array based methods for monitoring
gene expression such as those described in U.S. Pat. Nos.
5,800,992, 5,871,928, 5,925,525, 6,040,138 and PCT Appli-
cation W092/10588 (published on Jun. 25, 1992), may be
utilized, in another embodiment of this invention. In some
embodiments, these methods of monitoring gene expression
involve (1) providing a pool of target nucleic acids identified
by the present invention (2) hybridizing the nucleic acid
sample to a high density array of probes and (3) detecting the
hybridized nucleic acids and calculating a relative or abso-
Iute Number of each transcript detected. Each of these
techniques represents a separate embodiment of the present
invention.

For genotyping and variant detection, the high-density
array may, in some embodiments, include a number of
probes which are designed to assay a particular position
which is believed or known to be associated with sequence
variation. Array based methods for variant detection used
according to this aspect of the invention may be as
described, for example, in U.S. Pat. Nos. 5,837,832, 5,856,
104, 5,856,092, 5,858,659, 6,027,880 and 5,925,525. In
some embodiments, these methods of variant detection
involve (1) providing a pool of target nucleic acids com-
prising DNA from the region(s) to be interrogated (2)
hybridizing the nucleic acid sample to a high density array
of probes and (3) detecting the hybridized nucleic acids and
determining the presence or absence of a sequence variant.
Each of these techniques represents a separate embodiment
of the present invention.

In another embodiment, the design and use of nucleic acid
arrays is carried out as described, for example, in Bunney et
al (Am J Psychiatry 160: 657-66) or Ahmed (J Environ Sci
Health Part C Environ Carcinog Ectoxicol Rev. 20: 77-116).
Each of these techniques represents a separate embodiment
of the present invention.

In another embodiment, an embodiment of the CLIP
method may be combined with laser capture micro-dissec-
tion (LCM). LCM under direct microscopic visualization
permits rapid one-step procurement of selected cell popu-
lations from a section of complex, heterogeneous tissue. The
method entails placing a thin thermoplastic film (such as, for
example, ethylene vinyl acetate polymer) over a tissue
section, visualizing the tissue microscopically, and selec-
tively adhering the cells of interest to the film with a
fixed-position, short-duration, focused pulse from an infra-
red laser. Strong focal adhesion allows selective procure-
ment of the targeted cells. The film with the procured tissue
is then removed from the section and placed directly into
DNA, RNA, or enzyme buffer for processing. The technique
is known to those skilled in the art (see, for example,
Emmert-Buck M R et al, Science 274: 998-1001). The
cellular material detaches from the film and is ready for
standard processing.
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The use of LCM in combination with an embodiment of
the CLP method would facilitate, in one embodiment, the
purification of RNA interacting with an RBP of interest from
a specific region of tissue visualized in a microscope. In one
embodiment, the specific region may be, for example, neu-
ronal dendritic layers.

In another embodiment, LCM, or a similar technology,
may be combined with Deep UV microscopy technology to
facilitate the formation of covalently bound protein-RNA
complexes from a specific region visualized in a micro-
scope. In one embodiment, laser wavelength in the range of
245-260 nm may be used in Deep UV microscopy, a range
of wavelengths that may be used to catalyze the formation
of covalent bonds. The use of Deep UV microscopy is
known to those skilled in the art (see, for example, U.S. Pat.
No. 5,482,817).

In another embodiment, there is provided a method for
isolating an unknown RBP present in an RBP-RNA complex
containing a known component. This method is similar, in
one embodiment, to the CLIP method described above, but
the target to be identified is an RBP that may be different
from the known component used to select the RBP-RNA
complex. In one embodiment, the unknown RBP may be
bound to an RNA or other nucleic acid molecule at the same
time that the known component is bound to the same
molecule. In another embodiment, the unknown RBP may
bind a different RN A that can exist in an RBP-RNA complex
also containing the known component. This method com-
prises the steps of contacting a biological sample with an
agent that results in a covalently bound RBP-RNA complex
in the biological sample; obtaining RNA fragments from the
biological sample; selecting the RBP-RNA complex con-
taining the known component with a molecule that specifi-
cally interacts with the known component; purifying the
RBP-RNA complex containing the known component under
stringent conditions; and isolating the unknown RBP from
the RBP-RNA complex containing the known component.

In another embodiment, there is provided a method for
identifying an unknown RBP present in an RBP-RNA
complex containing a known component, comprising the
steps of contacting a biological sample with an agent that
results in a covalently bound RBP-RNA complex in the
biological sample; obtaining RNA fragments from the bio-
logical sample; selecting the RBP-RNA complex containing
the known component with a molecule that specifically
interacts with the known component; purifying the RBP-
RNA complex containing the known component under strin-
gent conditions; and identifying the unknown RBP from the
RBP-RNA complex containing the known component.

It is to be understood that any embodiment listed herein
for effecting the CLIP methods of this invention may be
utilized for isolating and/or identifying an unknown RBP
present in an RBP-RNA complex containing a known com-
ponent, and represent additional embodiments of this inven-
tion. In one embodiment, the unknown RBP may be iden-
tified, by antibody detection, mass spectrometry, or any
other method well known in the art. Mass spectrometry may
be carried out by any method well known to those skilled in
the art, such as those described in U.S. Pat. No. 6,586,727.
Each method of mass spectrometry or protein identification
represents a separate embodiment of the present invention.

In one embodiment of this method, ‘“unknown RBP”
refers to an RBP that has not been previously identified. In
another embodiment, “unknown RBP” refers to a previously
identified protein not known to be an RBP. In another
embodiment, “unknown RBP” refers to a previously iden-
tified RBP not known to be present in an RBP-RNA complex
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with the known component of the RBP-RNA complex. In
another embodiment, “unknown RBP” refers to the fact that
information is lacking about conditions permitting associa-
tion of the RBP with complexes containing the known
component. In another embodiment, “unknown RBP” refers
to the fact that information is lacking about the stoichiom-
etry, affinity, binding site of the RBP, or any other aspect of
complexes containing the RBP and the known component

In one embodiment, a covalent bond is created between
the known component and an RNA in the complex, and
another covalent bond is created between the unknown RBP
and an RNA in the complex. The presence of these covalent
bonds allows the known component, the RNA, and the
unknown RBP to remain associated throughout stringent
purification steps. The use of these stringent steps increases
the purity of the isolated product relative to schemes using
less stringent purification steps.

In one embodiment, the unknown RBP is isolated from
the RBP-RNA complex. In one embodiment, isolation may
comprise selectively removing the unknown RBP from the
RBP-RNA complex. In another embodiment, isolation may
comprise removing the unknown RBP from the RBP-RNA
complex by a technique that also removes one or more other
proteins. In another embodiment the amount of the unknown
RBP is assessed. In another embodiment, the presence of the
unknown RBP under various conditions is assessed. In
another embodiment, the binding site of the unknown RBP
is characterized or identified.

In another embodiment, the unknown RBP can be ana-
lyzed, for example, by SDS-PAGE gel electrophoresis,
Western blotting and detection with specific antibodies,
phosphoamino acid analysis, protease digestion, protein
sequencing, or isoelectric focusing. The use of these tech-
niques is known to those skilled in the art, and is described
in, for example, Methods in Enzymology: Guide to Molecu-
lar Cloning Techniques (1987) Berger and Kimmel, eds.
Each technique represents a separate embodiment of the
present invention.

In another embodiment, the invention provides a material
that may be used in a screen to identify bioactive molecules.
In one embodiment, the material may comprise a motif on
an RNA of the RBP-RNA complex of interest. In another
embodiment, the material may comprise a derivative of the
motif. In another embodiment, the material may comprise a
sequence homologous to the motif. In another embodiment,
the material may comprise a molecule containing the motif.
In another embodiment, the material may comprise a
sequence fragment identified by the method of this inven-
tion. In another embodiment, the material may comprise a
sequence identified by the method of this invention (SEQ ID
No 1-449).

As used herein, the terms “homology”, “homologue” or
“homologous”, in any instance, indicate that the sequence
referred to, whether an amino acid sequence, or a nucleic
acid sequence, exhibits, in one embodiment at least 70%
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 72% correspondence with the
indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 75%
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 77% correspondence with the
indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 80%
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
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sequence exhibits at least 82% correspondence with the
indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 85%
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 87% correspondence with the
indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 90%
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 92% correspondence with the
indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 95% or
more correspondence with the indicated sequence. In
another embodiment, the amino acid sequence or nucleic
acid sequence exhibits 95%-100% correspondence to the
indicated sequence. Similarly, as used herein, the reference
to a correspondence to a particular sequence includes both
direct correspondence, as well as homology to that sequence
as herein defined.

In another embodiment, the invention provides com-
pounds that interact with a motif of an isolated nucleic acid
sequence. In one embodiment, the nucleic acid is RNA or a
derivative thereof. In one embodiment, the sequences com-
prise SEQ ID No 1-335.

In another embodiment, the sequences comprise SEQ 1D
No 336-449.

In another embodiment, the sequences comprise 63, 64,
76, 77, 78, 84, and 292-335.

In another embodiment, the present invention provides
the use of the RNA motifs, sequence fragments, or
sequences in a screening assay to identify bioactive mol-
ecules that interact with the RNA motifs, sequence frag-
ments, or sequences. A molecule found to interact with the
an RNA motif, sequence fragment, or sequence is likely, in
one embodiment, to modulate the activity of an RNA
molecule containing the motif, sequence fragment, or
sequence in vivo.

In one embodiment, the screening assay can be performed
in a cell-based system. In one embodiment, the screening
assay can be performed in a cell-free system. Cell-based
assays can be native, i.e., cells that normally express the
enzyme, as a biopsy or expanded in cell culture. In an
alternate embodiment, the cell-based assay involves recom-
binant host cells expressing the enzyme protein. In one
embodiment, the screening assay can be a high-throughput
screen. Hach such system represents a separate embodiment
of the present invention.

To perform cell free drug screening assay, it is sometimes
desirable, in one embodiment, to immobilize either the
material or its target molecule to facilitate separation of
complexes from un-complexed forms of one or both of the
proteins, as well as to accommodate automation of the assay.
Techniques for immobilizing nucleic acids on matrices can
be used in the drug screening assay. Matrices are then
combined with the cell lysates (e.g., 35 S-labeled) and the
candidate compound, and the mixture incubated under con-
ditions conducive to complex formation (e.g., at physiologi-
cal conditions for salt and pH), Following incubation, the
beads are washed to remove any unbound label, and the
matrix immobilized and radiolabel determined directly, or in
the supernatant after the complexes are dissociated. Alter-
natively, the complexes can be dissociated from the matrix
and separated by SDS-PAGE, and the level of target mol-
ecule bound to the material found in the bead fraction can be
quantitated from the gel using standard electrophoretic tech-
niques. For example, either the material or its target mol-
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ecule can be immobilized utilizing conjugation of biotin and
streptavidin using techniques well known in the art. Alter-
natively, antibodies reactive with the material but which do
not interfere with binding of the material to its target
molecule can be derivatized to the wells of the plate, and the
material trapped in the wells by antibody conjugation.
Methods for detecting such complexes include immuno-
detection of complexes using antibodies reactive with the
target molecule, or which are reactive with the material and
compete with the target molecule, as well as enzyme-linked
assays, which rely on detecting an enzymatic activity asso-
ciated with the target molecule. These methods represent
additional embodiments of the present invention.

Candidate compounds include, for example, 1) peptides
such as soluble peptides, including Ig-tailed fusion peptides
and members of random peptide libraries (see, e.g., Lam et
al, Nature 354:82-84; Houghten et al., Nature 354:84-86)
and combinatorial chemistry-derived molecular libraries
made of D- and/or L-configuration amino acids; 2) phos-
phopeptides (e.g., members of random and partially degen-
erate, directed phosphopeptide libraries, see, e.g., Songyang
et al, Cell 72:767-778); 3) antibodies (e.g., polyclonal,
monoclonal, humanized, anti-idiotypic, chimeric, and single
chain antibodies as well as Fab, F(ab') sub.2, Fab expression
library fragments, and epitope-binding fragments of anti-
bodies); and 4) small organic and inorganic molecules (e.g.,
molecules obtained from combinatorial and natural product
libraries). The use of each such group of compounds, as well
as any other used in the art, represents a separate embodi-
ment of the current invention.

The motifs, sequence fragments, or sequences claimed for
use in a screen to identify bioactive molecules may, in one
embodiment, be used in competition binding assays in
methods designed to discover compounds that interact with
the motifs, sequence fragments, or sequences (e.g. binding
partners and/or ligands). Thus, a compound is exposed to the
material under conditions that allow the compound to bind
or to otherwise interact with the motifs, sequence fragments,
or sequences. A molecule that normally interacts with the
materials is also added to the mixture. If the test compound
interacts with the material, it decreases the amount of
complex formed. This type of assay may be used in cases in
which compounds are sought that interact with specific
regions of the material. In another embodiment, the screen-
ing method involves contacting a biological sample with a
compound capable of interacting with the RNA motifs,
sequence fragments, or sequences such that the interaction
can be detected. Such an assay can be provided in a single
detection format or a multi-detection format such as an
antibody chip array. These methods represent separate
embodiments of the present invention.

In another embodiment, the motifs, sequence fragments,
or sequences of the present invention can be used to screen
a compound for its ability to stimulate or inhibit an inter-
action between RNA motifs, sequence fragments, or
sequences of the present invention and a molecule that
normally interacts with the motifs, sequence fragments, or
sequences. In one embodiment, the molecule is a protein. In
another embodiment, the molecule is an RBP. In another
embodiment, the molecule interacts with an RBP. In another
embodiment, the molecule may be a different molecule.
Such an assay may include the steps of contacting a bio-
logical sample with a candidate molecule under conditions
that allow the motifs, sequence fragments, or sequences to
interact with the respective molecule, and to detect the
formation of a complex between the motifs, sequence frag-
ments, or sequences and the interacting molecule or to detect
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the biochemical consequence of the interaction with the
motifs, sequence fragments, or sequences and the interacting
molecule, such as, for example, splicing, export, or local-
ization of a parent RNA or expression, activity, or concen-
tration of a protein encoded by a parent RNA. Each such
assay represents a separate embodiment of the current
invention.

As used herein, the phrase “parent RNA” or “parent RNA
molecule”, in one embodiment, refers to a larger RNA
molecule which comprises the material. In another embodi-
ment, “parent RNA” or “parent RNA molecule” can be the
material itself.

It will be appreciated by one skilled in the art that
bioactive molecules identified by a screen of the present
invention may be further assayed to gain information about
their biological activities. For example, the bioactive mol-
ecules may be assayed for their effect on the RNA splicing,
export, or localization or protein expression, activity, or
concentration, of RNA or protein molecules in the cell. In
one embodiment, the RNA or protein molecules used in the
assay may comprise the motifs, sequence fragments, or
sequences of the present invention. The effect of the bioac-
tive molecules may be assessed for the RNA or protein in its
natural state. In another embodiment, the effect of the
bioactive molecules may be assessed for the RNA or protein
in an altered form that causes a specific disease or pathology
associated with the enzyme.

Bioactive molecules identified in these screens can be
further screened to determine their effect of a parent RNA or
protein as described herein. Further, these compounds can be
tested in animal or invertebrate systems to determine activ-
ity/effectiveness. Compounds can be identified that activate
(agonist) or inactivate (antagonist) a parent RNA or protein
to a desired degree.

In one embodiment, bioactive molecules identified in
these screens may modulate splicing of a parent RNA
molecule of the material. In another embodiment, bioactive
molecules identified in these screens may modulate export
of a parent RNA molecule from the nucleus. In another
embodiment, bioactive molecules identified in these screens
may modulate localization of a parent RNA molecule to or
near the inhibitory synapse. In another embodiment, bioac-
tive molecules identified in these screens may modulate
export of a parent RNA molecule from the cell. In another
embodiment, bioactive molecules identified in these screens
may modulate expression of a protein encoded by a parent
RNA molecule. In another embodiment, bioactive molecules
identified in these screens may modulate steady-state con-
centration of a protein encoded by a parent RNA molecule.
In another embodiment, bioactive molecules identified in
these screens may modulate activity of a protein encoded by
a parent RNA molecule. Methods for assessment of RNA
splicing, export, or localization or protein expression, activ-
ity, or concentration are known to those skilled in the art
(FIG. 4; also see Suzuki et al, Am J Med Genet. 121B:7-13).

The invention further includes, in another embodiment,
end point assays to further characterize bioactive molecules
for their biological function. The assays may, in one embodi-
ment, involve an assay of events in a signal transduction
pathway. Thus, the phosphorylation of a substrate, activation
of a protein, and a change in the expression of genes that are
up- or down-regulated in response to the enzyme protein
dependent signal cascade can be assayed. In one embodi-
ment, any of the biological or biochemical functions medi-
ated by a protein encoded by the motifs, sequence frag-
ments, or sequences of the present invention can be used as
an endpoint assay. Specifically, a biological function of a cell
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or tissues that expresses the motifs, sequence fragments, or
sequences of the present invention can be assayed. Each
such assay represents a separate embodiment of the current
invention.

Bioactive molecules identified by a screen of the present
invention can be used to treat a subject with a disorder or
disease, as will be appreciated by one skilled in the art. For
example, bioactive molecules may be identified that modu-
late splicing or expression of RNA molecules comprising a
binding site. If an aberrant splicing or expression pattern of
a gene is associated with a disease state or disorder, and that
gene contains a binding site that interacts with the bioactive
molecule identified, the bioactive molecule might constitute
a therapy or treatment for the disease or disorder. In another
embodiment, a bioactive molecule that modulates the export
or localization of an RNA molecule, or the activity or
concentration of a protein might similarly constitute a
therapy or treatment for a disease associated with aberrant
export or localization an RNA molecule, provided that the
RNA molecule contains a binding site that interacts with the
bioactive molecule identified. In another embodiment, a
bioactive molecule that modulates the activity or concen-
tration of a protein might similarly constitute a therapy or
treatment for a disease associated with aberrant activity or
concentration of a protein, provided that the RNA molecule
encoding the protein contains a binding site that interacts
with the bioactive molecule identified. The therapy would
include the steps of administering the bioactive molecule in
a pharmaceutical composition to a subject in need of such
treatment. These therapeutic methods represent embodi-
ments of the present invention for all applications of thera-
peutic methods mentioned herein.

As used herein, the term “disorder” may refer, in one
embodiment to any type of disease, disorder, or symptom

This invention further pertains to novel bioactive mol-
ecules identified by the above-described screening assay.
Accordingly, it is within the scope of this invention to
further use a bioactive molecules identified as described
herein in an appropriate animal model. For example, an
agent identified as described herein (e.g., an RNA modulat-
ing agent, protein modulating agent an antisense nucleic
acid molecule, an antibody specific for the material, or a
binding partner specific for the material) can be used in an
animal or other model to determine the efficacy, toxicity, or
side effects of treatment with such an agent. Alternatively, an
agent identified as described herein can be used in an animal
or other model to determine the mechanism of action of such
an agent. Furthermore, this invention pertains to uses of
novel agents identified by the above-described screening
assay for treatments as described herein. These agents, and
their uses described herein, represent embodiments of the
present invention.

In another embodiment, the invention provides a method
of assessing an expression of a gene of a cell, tissue, or
biological sample, comprising the following steps:

a. puritying a plurality of RBP-RNA complexes from the

cell, tissue, or biological sample by the CLIP method;
identifying an RNA molecule in the plurality of RBP-
RNA complexes; and
assessing the presence or amount of the gene among the
plurality of RBP-RNA complexes,
thereby assessing an expression of a gene of a cell, tissue, or
biological sample.

In one embodiment, the preceding method of assessing an
expression of a gene can be used to generate a gene
expression profile of the cell, tissue, or biological sample. In
one embodiment of this method, the expression of multiple
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genes of the cell, tissue, or biological sample is assessed.
The expression data are then, in one embodiment, compiled
to obtain a gene expression profile. Analysis or comparison
of multiple sequences performed manually, in one embodi-
ment. In another embodiment, the analysis is performed
using one of various methods for determining homology
described hereinabove.

In another embodiment, the present invention provides a
method of screening a test compound for its ability to
modulate expression of a gene in a cell, comprising the steps
of: (a) purifying a first plurality of RNA binding protein-
RNA complexes from the cell by the CLIP method, wherein
the cell has been contacted with the test compound; (b)
identifying a first plurality of RNA molecules in the first
plurality of RBP-RNA complexes; (c) assessing an amount
of the gene among the first plurality of RNA molecules; (d)
puritying a second plurality of RNA binding protein-RNA
complexes from the cell by the CLIP method, wherein the
cell has not been contacted with the test compound; (e)
identifying a second plurality of RNA molecules in the
second plurality of RBP-RNA complexes; and (f) assessing
an amount of the gene among the second plurality of RNA
molecules; wherein a difference between the amount of the
gene in the first plurality of RNA molecules and the amount
of the gene in the second plurality of RNA molecules
indicates an ability of the test compound to modulate
expression of a gene in a cell.

In another embodiment, the invention provides a method
of screening a test compound for its ability to modulate gene
expression in a cell, tissue, or biological sample, comprising
the steps of (a) generating a first gene expression profile of
a cell, tissue, or biological sample according to the method
of generating a gene expression profile described herein,
wherein the cell, tissue, or biological sample has been
contacted with a test compound; (b) generating a second
gene expression profile of a cell, tissue, or biological sample
according to the method of generating a gene expression
profile described herein, wherein the cell, tissue, or biologi-
cal sample has not been contacted with the test compound;
and (c) identifying differences between the first and second
gene expression profile, differences indicating that the test
compound can modulate gene expression in the cell, tissue,
or biological sample. The test compound need not be one
identified by a screen of the current invention.

In another embodiment, there is provided a method of
treating a disease or disorder in a subject, comprising
contacting a cell in the subject with an agent that modulates
the expression or activity of a gene, or a protein encoded by
the gene, wherein the gene has a sequence comprising a
nucleic acid sequence as set forth in SEQ ID No 1-335,
thereby treating the disease or disorder.

In another embodiment, there is provided a method of
treating a disease or disorder in a subject, comprising
contacting a cell in the subject with an agent that modulates
the expression or activity of a gene, or a protein encoded by
the gene, wherein the gene has a sequence comprising a
nucleic acid sequence as set forth in SEQ ID No 336-449,
thereby treating the disease or disorder.

In another embodiment, the present invention provides a
method of using the RNA binding motifs to diagnose or
screen for disease or predisposition to a disease mediated by
parent genes of RNA fragment sequences of the present
invention. In one embodiment, the disease or ailment is
Paraneoplastic Opsoclonus Myoclonus Ataxia (POMA). In
another embodiment, the disease is another neurologic dis-
order. In another embodiment, the disease is a non-neuro-
logic disorder. In another embodiment, the disease is an
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autoimmune disorder. Any of the methods for diagnosis
described herein may be used. Each method represents a
separate embodiment of the present invention.

Nova was the first mammalian tissue-specific splicing
factor identified. Nova is a neuron-specific RBP targeted in
patients with the autoimmune disorder paraneoplastic opso-
clonus-myoclonus ataxia. Nova proteins were identified as
the autoantigens in POMA using high titer antibodies to
clone ¢cDNAs encoding two highly homologous KH-type
RBPs, Nova-1 and Nova-2. Antisera from 6/6 POMA
patients were found to block the interaction of Nova protein
with RNA. These antibodies have been hypothesized to gain
access to neurons and play a role in provoking the neuronal
degeneration in POMA by blocking critical RNA-protein
interactions.

POMA, also known as opsoclonus-myoclonus-ataxia syn-
drome, is an autoimmune neurological disorder found in
cancer patients, which is characterized by a failure of the
inhibition of brainstem and spinal motor systems. The
clinical syndrome of paraneoplastic opsoclonus is charac-
terized by the acute onset of opsoclonus and truncal ataxia,
often accompanied by encephalopathy, myoclonus and a
cerebrospinal fluid pleocytosis, but with no accompanying
loss of neurons from the cerebellum, brainstem, cerebral
hemispheres, or spinal cord. Unlike most other paraneoplas-
tic syndromes, the course is often remitting and relapsing.

As used herein, “neurologic disorder” refers, in one
embodiment, to a disease or disorder selected from the group
consisting of epilepsy, convulsions, and seizure disorders. In
another embodiment, the neurological disease or disorder is
associated with spasticity. In another embodiment, the neu-
rological disease or disorder is a neurodegenerative disorder.
In another embodiment, the neurological disease or disorder
is selected from the group consisting of spasticity, skeletal
muscle spasms, restless leg syndrome, anxiety, stress, mul-
tiple sclerosis (MS), Sjogren’s Syndrome, stroke, head
trauma, spinal cord injury, Parkinson’s Disease, Hunting-
ton’s Disease, Alzheimer’s Disease, amyotrophic lateral
sclerosis, myotonic dystrophy, spinocerebellar ataxia, Spinal
Muscular Atrophy, paraneoplastic neurologic disorders,
multiple system atrophy, amyotrophic lateral sclerosis,
human T-lymphotropic virus type 1 (HTLV-1)-associated
myelopathy/tropical  spastic paraparesis (HAM/TSP),
migraine, headaches, and bipolar disorder. In another
embodiment, the treatment alleviates or prevents convul-
sions or spasticity. All of these represent separate embodi-
ments of the present invention.

As used herein, “autoimmune disorder” refers, in one
embodiment, to a disease or disorder selected from the group
consisting of autoimmune endocarditis, SLE, rheumatoid
arthritis (RA), systematic sclerosis (SSc), celiac disease,
insulin dependent diabetes mellitus, and juvenile rheumatoid
arthritis (JRA).

Another embodiment of the present invention provides a
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, the gene
having a sequence comprising a nucleic acid sequence set
forth in SEQ ID No 1-335, comprising assessing a splicing
pattern of a transcript of said gene, assessing a splicing
pattern of a reference standard, and comparing said splicing
pattern of a transcript of said gene to said splicing pattern of
a reference standard, thereby diagnosing a disease or disor-
der associated with an alternate splicing pattern of a gene in
a subject.

Another embodiment of the present invention provides a
method of diagnosing a disease or disorder associated with
an alternate splicing pattern of a gene in a subject, the gene

10

15

20

25

30

35

40

45

50

55

60

65

42

having a sequence comprising a nucleic acid sequence set
forth in SEQ ID No. 336-449, comprising assessing a
splicing pattern of a transcript of said gene, assessing a
splicing pattern of a reference standard, and comparing said
splicing pattern of a transcript of said gene to said splicing
pattern of a reference standard, thereby diagnosing a disease
or disorder associated with an alternate splicing pattern of a
gene in a subject.

If one embodiment, “associated with” refers to a corre-
lation between the alternate splicing pattern and the disease
or disorder. In another embodiment, “associated with” refers
to a causation of the disease or disorder by the alternate
splicing pattern. In another embodiment, “associated with”
refers to a predisposition to the disease or disorder in
subjects with the alternate splicing pattern. Each possibility
represents a separate embodiment of the present invention.

In one embodiment, the splicing pattern is assessed by
RT-PCR analysis as described herein. Alternately, the splic-
ing pattern can be assessed by any method known to those
skilled in the art, as described, for example, in Molecular
Cloning, (2001), Sambrook and Russell, eds. or Methods in
Enzymology: Guide to Molecular Cloning Techniques
(1987) Berger and Kimmel, eds. Each such method repre-
sents a separate embodiment of the present invention.

In one embodiment, “reference standard” refers to a
sample derived from one or more individuals that do not
exhibit the disorder of interest. A significant departure in a
pattern observed in a sample from a subject from a pattern
observed in a reference standard may be indicative of a
disorder, or predisposition for a disorder.

In one embodiment, the disorder is a neurological disor-
der. In another embodiment, the disorder is POMA. In
another embodiment, the disorder is an autoimmune disor-
der.

In another embodiment, the disorder is a cancer or dis-
order involving neoplastic cells. “Neoplastic cells” refers, in
one embodiment, to cells whose normal growth control
mechanisms are disrupted (typically by accumulated genetic
mutations), thereby providing potential for uncontrolled
proliferation. Thus, “neoplastic cells” can include both
dividing and non-dividing cells. For purposes of the inven-
tion, neoplastic cells include cells of tumors, neoplasms,
carcinomas, sarcomas, leukemias, lymphomas, and the like.
In another embodiment, “neoplastic cells” can include cen-
tral nervous system tumors, especially brain tumors. These
include glioblastomas, astrocytomas, oligodendrogliomas,
meningiomas, neurofibromas, ependymomas, Schwanno-
mas, neurofibrosarcomas, etc. In another embodiment, “neo-
plastic cells” can include either benign or malignant neo-
plastic cells.

Antibodies to Nova and Neuronal Hu proteins are elicited
by tumors, linking expression or activity of each of these
proteins to cancer. The present invention has disclosed that
a set of RNA molecules with the sequences as set forth in
SEQ ID No 1-335 interact with Nova in a transformed cell
line (FIG. 3). Thus, the particular splicing pattern or the
expression of these RNA molecules is also characteristic of
neoplastic transformation. In another embodiment, the par-
ticular splicing or expression pattern of one or more of these
sequences may be useful as a diagnostic marker for the
presence of cancer or other such disorder involving neo-
plastic cells. In another embodiment, a particular splicing or
expression pattern of one or more of these sequences may be
useful as a diagnostic marker for a particular stage of cancer
or associated disorders involving neoplastic cells.

In another embodiment, the disorder is arthritis. HuR, a
homologue of Neuronal Hu proteins, regulates the stability
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and/or nuclear export of the RNA of early response genes
(Gallouzi, I E et al, Science 294: 1895-1901), which are
expressed in arthritic joints (Aicher W K et al, Arthritis
Rheum 48:348-59), indicating that Neuronal Hu proteins
and homologous proteins may play a role in the etiology of
arthritis. Since RBPs regulate the splicing of multiple targets
(Examples 3-8), the splicing pattern or the expression of
other neuronal Hu protein targets may be characteristic of
arthritis. Thus, a particular splicing or expression pattern or
one or more of these sequences may be useful as a diagnostic
marker of the presence of arthritis.

In another embodiment, the disorder is atherosclerosis.
Early response gene-1 (erg-1), which is regulated by HuR,
is upregulated in atherosclerotic lesions (Bea F et al, Ath-
erosclerosis 167:187-194). These data indicate that Neu-
ronal Hu proteins and homologous proteins may play a role
in the etiology of atherosclerosis. Since RBPs regulate the
splicing of multiple targets (Examples 3-8), the splicing
pattern or the expression of other neuronal Hu protein targets
may be characteristic of atherosclerosis. Thus, a particular
splicing or expression pattern or one or more of these
sequences may be useful as a diagnostic marker of the
presence of atherosclerosis.

The term “arthritis”, in one embodiment, refers to rheu-
matoid arthritis, ankylosing spondylitis, juvenile rheumatoid
arthritis, psoriatic arthritis, or any other type of arthritis or
arthritis-like disorder.

In another embodiment, the disease is a metabolic disease.
In another embodiment, the disease is diabetes. Nova-2
knockout mice exhibit a diabetes-like phenotype (Example
9).

In one embodiment, splicing of the parent gene is
assessed. In another embodiment, branch point recognition
of the parent gene is assessed. In another embodiment,
export from the nucleus of the parent gene is assessed. In
another embodiment, the export from the cell of the parent
gene is assessed. In another embodiment, localization of the
parent gene or its RNA to or close to inhibitory synapses is
assessed. In another embodiment, expression level of a
protein encoded for by the gene is also assessed. In another
embodiment, the steady-state concentration of a protein
encoded for by the gene is also assessed. In another embodi-
ment, activity of a protein encoded for by the gene is also
assessed.

In another embodiment, a patient may have a variant
sequence in the parent RNA or protein whose splicing,
localization, export, activity, concentration, or expression is
assessed. In another embodiment the patient may have a
normal sequence in the parent RNA or protein. Thus, the
material can be isolated from a biological sample and
assayed for the presence of a genetic mutation that results in
aberrant sequence. This includes amino acid substitution,
deletion, insertion, rearrangement, (as the result of aberrant
splicing events), and inappropriate post-translational modi-
fication. Analytic methods for determining the presence of
mutations include altered restriction enzyme analysis,
nucleotide sequencing, electrophoretic mobility, altered
tryptic peptide digest, altered enzyme activity in cell-based
or cell-free assay, alteration in substrate or antibody-binding
pattern, altered isoelectric point, direct amino acid sequenc-
ing, and any other of the known assay techniques useful for
detecting mutations in a polynucleotide or protein. Such an
assay can be provided in a single detection format or a
multi-detection format such as an antibody chip array. Each
such method represents a separate embodiment of the pres-
ent invention.
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In vitro techniques for detection of the motifs, sequence
fragments, or sequences of the present invention or the
proteins they encode include enzyme linked immuno-absor-
bent assays (ELISAs), immunoprecipitations and immuno-
fluorescence using a detection reagent, such as an antibody
or protein binding agent. Alternatively, the material can be
detected in vivo in a subject by introducing into the subject
a labeled antibody against the material or another type of
detection agent. For example, the antibody can be labeled
with a radioactive marker whose presence and location in a
subject can be detected by standard imaging techniques. In
addition, methods that detect the allelic variant of a material
expressed in a subject and methods which detect fragments
of a material in a sample could also be used. Each such
method represents a separate embodiment of the present
invention.

The motifs, sequence fragments, or sequences of the
present invention may be useful, in one embodiment, in
pharmacogenomic analysis. Pharmacogenomics deal with
clinically significant hereditary variations in the response to
drugs due to altered drug disposition and abnormal action in
affected persons. The clinical outcomes of these variations
result in severe toxicity of therapeutic drugs in certain
individuals or therapeutic failure of drugs in certain indi-
viduals as a result of individual variation in metabolism.
Thus, the genotype of the individual can determine the way
a therapeutic compound acts on the body or the way the
body metabolizes the compound. Further, the activity of
drug metabolizing enzymes affects both the intensity and
duration of drug action. Thus, the pharmacogenomics of the
individual permit the selection of effective compounds and
effective dosages of such compounds for prophylactic or
therapeutic treatment based on the individual’s genotype.
The discovery of genetic polymorphisms in some drug
metabolizing enzymes has explained why some patients do
not obtain the expected drug effects, show an exaggerated
drug effect, or experience serious toxicity from standard
drug dosages. Polymorphisms can be expressed in the phe-
notype of the extensive metabolizer and the phenotype of the
poor metabolizer. Accordingly, genetic polymorphism may
lead to allelic protein variants of the enzyme protein in
which one or more of the enzyme functions in one popula-
tion is different from those in another population. The
materials thus allow a target to ascertain a genetic predis-
position that can affect treatment modality. Accordingly,
substrate dosage would necessarily be modified to maximize
the therapeutic effect within a given population containing a
polymorphism. The use of materials of this invention phar-
macogenomic analysis thus represents an additional
embodiment of the present invention.

Another embodiment of the present invention provides a
method of treating a symptom, disorder, or disease in a
subject, comprising contacting a cell in the subject with an
agent that modulates the expression or activity of a parent
gene or a protein encoded by the parent gene of a gene motif,
sequence fragment, or sequence, comprising a sequence as
set forth in SEQ ID No 1-335, thereby treating the disorder.
In another embodiment, the gene motif, sequence fragment,
or sequence comprises a sequence as set forth in SEQ ID No
336-449. In one embodiment, the agent is a parent gene,
gene motif, sequence fragment, or sequence of the present
invention. In one embodiment, the cell that is contacted is a
neuron. Any therapeutic method disclosed that may modu-
late one of the parent genes, gene motifs, sequence frag-
ments, or sequences described here is considered a part of
the present invention.
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In one embodiment, the agent is a nucleic acid. Protocols
for introducing a nucleic acid or vector of the invention into
cells may comprise, for example: direct DNA uptake tech-
niques, virus, plasmid, linear DNA or liposome mediated
transduction, or transfection, direct injection, magnetopora-
tion, receptor-mediated uptake and others. In another
embodiment, recombinant molecules encoding the RNA
molecules are introduced into host cells such that they
become integrated into the host cell genome. In one embodi-
ment, the recombinant molecule is flanked by sequences
known to promote homologous recombination. In another
embodiment, the integrated recombinant molecule is tran-
scribed within the cell to produce a heterologous RNA
molecule (see, for example, “Methods in Enzymology™ Vol.
1-317, Academic Press, Current Protocols in Molecular
Biology Ausubel et al, eds.; and in Molecular Cloning
(2001), Sambrook and Russell, eds.; or other standard labo-
ratory manuals). In another embodiment, a nucleic acid may
be chemically modified to be a PNA or another nucleic acid,
or conjugate to a Trojan peptide as described herein. It is to
be understood that any direct means or indirect means of
intracellular access of a nucleic acid or vector of the inven-
tion is contemplated herein, and represents an embodiment
thereof, of any application of introducing a nucleic acid or
vector of the invention into cells mentioned herein.

In one embodiment of the present invention, “nucleic
acids” refers to a string of at least two base-sugar-phosphate
combinations. The term includes, in one embodiment,
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
“Nucleotides” refers, in one embodiment, to the monomeric
units of nucleic acid polymers. RNA may be in the form of
atRNA (transfer RNA), snRNA (small nuclear RNA), rRNA
(ribosomal RNA), mRNA (messenger RNA), anti-sense
RNA, small inhibitory RNA (siRNA), micro RNA (miRNA)
and ribozymes. The use of siRNA and miRNA has been
described (Caudy A A et al, Genes & Devel 16:2491-96 as
references cited therein). DNA may be in form plasmid
DNA, viral DNA, linear DNA, or chromosomal DNA or
derivatives of these groups. In addition these forms of DNA
and RNA may be single, double, triple, or quadruple
stranded. The term also includes, in one embodiment, arti-
ficial nucleic acids that may contain other types of back-
bones but the same bases. Examples of artificial nucleic
acids are PNAs (peptide nucleic acids), phosphorothioates,
and other variants of the phosphate backbone of native
nucleic acids. PNA contain peptide backbones and nucleo-
tide bases, and are able to bind both DNA and RNA
molecules. The use of phosphothioate nucleic acids and
PNA are known to those skilled in the art, and are described
in, for example, Neilsen P E, Curr Opin Struct Biol 9:353-
57; and Raz N K et al Biochem Biophys Res Commun.
297:1075-84. The production and use of nucleic acids is
known to those skilled in art and is described, for example,
in Molecular Cloning. (2001), Sambrook and Russell, eds.
and Methods in Enzymology: Guide to Molecular Cloning
Techniques (1987) Berger and Kimmel, eds. Each nucleic
acid derivative represents a separate embodiment of the
present invention.

In another embodiment of the present invention, nucleic
acids may be conjugated to “Trojan peptides” such as HTV
TAT peptide (Tat), transporten, and Antennapedia peptide.
These peptides facilitate entry of the nucleic acids into cells,
and their use is described in the literature. (Derossi et al,
Trends Cell Biol 8:84-87; Simmons C G et al, Bioorg Med
Chem Lett 7:3001-6; Pooga H et al, Nat Biotechnol 16:857-
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61). This technology may be able to introduce nucleic acids
to the splicing machinery of a cell (Sergueev et al, Pharm
Res 19:744).

In another embodiment, nucleic acids may comprise at
least one modified base moiety which is selected from the
group including, but not limited to: 5-fluorouracil, 5-bro-
mouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xan-
thine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil,
5-carboxymethylaminomethyl-2-thiouridine, 5-carboxym-
ethylaminomethyluracil, dihydrouracil, beta-D-galacto-
sylqueosine, inosine, N6-isopentenyladenine, 1-methylgua-
nine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N6-adenine, 7-methylguanine, 5-memy-
laminomethyluracil, 5-memoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, SN-methoxycarboxymethylura-
cil, S-methoxyuracil, 2-methylthio-N6-isopentenyladenine,
uracil-5-oxyacetic acid, wybutoxosine, pseudouracil, queo-
sine, 2-thiocytosine, S5-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methy-
lester, uracil-5-oxyacetic acid (v), S-methyl-2-thiouracil,
3-(3-amino-3-N-2-carboxypropyl) uracil, and 2,6-diamin-
opurine.

In one embodiment, the disorder is a neurological disor-
der as described herein. In another embodiment, the disorder
is POMA, Multiple Sclerosis, Alzheimer’s Disease, Hun-
tington’s Disease or Parkinson’s Disease. In one embodi-
ment, the disorder is an autoimmune disorder as described
herein.

In another embodiment, the disorder may be a type of
cancer or disorder involving neoplastic cells as described
herein. Antibodies to Nova and Neuronal Hu proteins are
elicited by tumors, linking expression or activity of each of
these proteins to cancer. The present invention has shown
that the RNA molecules as set forth in SEQ ID No 1-335
interact with Nova in a transformed cell line (FIG. 3),
indicating that their splicing or expression pattern may play
a role in the transformation or survival of transformed cells
such as cancer cells. In addition, HuR, a homologue of
Neuronal Hu proteins, is believed to regulate the stability
and/or nuclear export of the RNA of early response genes,
which have been implicated in angiogenesis (Tarnawski et
al, J Mol Med 2003). In one embodiment, an antibody or
other molecule that binds a protein encoded by a sequence
as set forth in SEQ ID No 1-335 or 336-449 may be
conjugated to a toxic compound or biological molecule for
use in cancer chemotherapy.

In another embodiment, the disorder is arthritis. HuR, a
homologue of Neuronal Hu proteins, regulates the stability
and/or nuclear export of the RNA of early response genes,
which are expressed in arthritic joints, indicating that Neu-
ronal Hu proteins and homologous proteins may play a role
in the etiology of arthritis through regulation of the splicing
or expression of any of the genes containing the CLP
fragments disclosed in this invention. Thus, modulating the
splicing, expression, or activity of one or more of these
sequences are therapeutic strategies for arthritis, and repre-
sent additional embodiments of this invention.

In another embodiment, the disorder is atherosclerosis.
Erg-1, which is regulated by HuR, is upregulated in athero-
sclerotic lesions. These data indicate that Neuronal Hu
proteins and homologous proteins may play a role in the
etiology of atherosclerosis through regulation of the splicing
or expression of any of the genes containing the CLP
fragments disclosed in this invention. Thus, modulating the
splicing, expression, or activity of one or more of these
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sequences are therapeutic strategies for atherosclerosis, and
represent additional embodiments of this invention.

In another embodiment, the disease is a metabolic disease.
In another embodiment, the disease is diabetes. Nova-2
knockout mice exhibit a diabetes-like phenotype (Example
9).

In one embodiment, the agent modulates the expression or
activity of the gene via inhibition or abrogation of binding
of a protein to an RNA transcript of the gene comprising a
sequence as set forth in SEQ ID No 1-335. In another
embodiment, the inhibition or abrogation of protein binding
may occur via steric hindrance. In another embodiment, the
inhibition or abrogation of protein binding may occur via
competitive inhibition. In another embodiment, splicing of
the gene is modulated. In another embodiment, export from
the nucleus of the gene is modulated. In another embodi-
ment, localization of the gene or its RNA transcript to or
close to inhibitory synapses is modulated. In another
embodiment, export of the gene from the cell is modulated.
In another embodiment, expression level of a protein
encoded for by the gene is modulated. In another embodi-
ment, the steady-state concentration of a protein encoded for
by the gene is modulated. In another embodiment, activity of
a protein encoded for by the gene is modulated.

In one embodiment, “steric hindrance” describes an effect
on relative occupancy of a binding site caused by the
space-filling properties of those parts of a molecule attached
at or near the binding site. For example, the agent described
herein may, by binding to the nucleic acid sequence
described herein, reduce the rate of occupancy by a natural
ligand of a binding site on the nucleic acid molecule. In
another embodiment, the agent may completely prevent
binding of a natural ligand to the binding site.

In one embodiment, “competitive inhibition” refers to
binding of the agent to the RNA transcript of the gene, at a
site that overlaps with a site at which an RNA binding
protein would otherwise bind, such that binding of the RBP
is substantially reduced. In one embodiment, “competitive
inhibition” refers to binding of the agent to the RNA
transcript of the gene, at a site that is identical to a site at
which an RNA binding protein would otherwise bind.

In another embodiment, an agent that modulates the
expression or activity of the motifs, sequence fragments, or
sequences of the present invention may be useful for treating
a disorder characterized by, for example, an absence of,
inappropriate, or unwanted expression of a parent gene of a
motif, sequence fragment, or sequence. Accordingly, meth-
ods for treatment may involve, in one embodiment, contact-
ing a cell of a patient with the motifs, sequence fragments,
or sequences of the present invention, their agonists or their
antagonists. Each such method represents a separate
embodiment of the present invention.

In one embodiment, the motif, sequence fragment, or
sequence, agonist, or antagonist may be targeted to a neuron.
In another embodiment, the material, agonist, or antagonist
may be targeted to neuronal tissue. In one embodiment, the
material, agonist, or antagonist may be targeted to the
nervous system or a part of the nervous system. Nova and
many of the RBPs described herein are preferentially
expressed in neuronal tissue such as neurons, and in the
nervous system in general. In one embodiment, the material,
agonist, or antagonist may be targeted to an inhibitory
synapse. In another embodiment, the material, agonist, or
antagonist may be targeted to a nucleus. In one embodiment,
the material, agonist, or antagonist may be targeted to a
cytoplasm. Nova was shown in this invention to be present
in inhibitory synapses, nucleus, and cytoplasm of neurons
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(Examples 6 and 7). It is known to those skilled in the art
that many proteins that mediate splicing are present in the
cytoplasm.

The term “neuron” refers, in one embodiment, to any cell
that functions in the central nervous system or the peripheral
nervous system. In another embodiment, the term refers to
any cell located in or near tissue of the central nervous
system or the peripheral nervous system.

In another embodiment, the present invention provides a
kit that comprises the method of assessing a splicing pattern
of'a gene comprising a nucleic acid sequence as set forth in
SEQ ID No 1-335 or 336-449. Kits are packages that
facilitate a diagnostic or other procedure by providing
materials or reagents needed thereof in a convenient format.
Many kits have been successfully commercialized.

Gephyrin is a protein that plays a key scaffolding role in
the inhibitory synapse. Gephyrin is essential for the correct
localization of GABAa 42 and GlyRa2 subunits to the
synapse, the same subunits whose pre-mRNA splicing is
regulated by Nova. Finally, gephyrin, like Nova, has been
reported to be the target of a cancer-associated neurologic
disorder, SMS, manifest by excess motor activity.

In one embodiment, modulating the expression or activity
of a Nova protein may in turn affect the expression or
activity of a gephyrin protein or gephyrin RNA. In one
embodiment, the splicing, expression, export from the
nucleus, localization, or export from the cell of gephyrin
RNA may be affected. In another embodiment, the expres-
sion, concentration, or activity of gephyrin protein may be
affected.

In another embodiment, the invention provides an RBP
binding site comprised of nucleic acid having a sequence
comprising n repeats of a sequence selected from the group
consisting of CCAU, UCAU, UCAC, CCAC, UCCAUC,
CCAUCC, AUCCAU, CAUCCA, UCAUCC, CAUCAU,
CCAUCU, CCUCCC, CUCAUC, CAUCCU, CUCACC,
AUCAUC, CCAUCA, CCCAUC (SEQ ID No 450-467,
respectively), where an integer between 1 and 10, inclusive.
Each of these sequences represents a separate embodiment
of the present invention. These binding sites may be collec-
tively referred to as a “YCAY motif” SEQ ID No 468, in
which “Y” may refer to Cytosine, Uridine, Thymidine, or
derivatives thereof. Another embodiment may be referred to
as a “YCAYY motif” SEQ ID No 469.

It should be noted that the consensus Nova binding site is
similar to the consensus sequence for branch site recognition
in animal cells, linking the action of Nova to branch site
recognition. Accordingly, this invention includes embodi-
ments in which effects on splicing by Nova or other RBP are
mediated by effects on branch point recognition.

In another embodiment, the invention provides an RBP
binding site comprised of nucleic acid having a sequence
comprising n repeats of a sequence selected from the group
consisting of GTTTT, GTTT, CTTTT, CTTT, GTTTC,
CTTTC (SEQ ID No 503-508, respectively), where n is an
integer between 1 and 10, inclusive.

In one embodiment, n is between 1 and 9. In another
embodiment, n is between 1 and 8. In another embodiment,
n is between 1 and 7. In another embodiment, n is between
1 and 6. In another embodiment, n is between 1 and 5. In
another embodiment, n is between 1 and 4. In another
embodiment, n is between 1 and 3. In another embodiment,
n is between 1 and 2. In another embodiment, n is between
1 and 5. In another embodiment, n is between 2 and 5. In
another embodiment, n is between 3 and 5. In another
embodiment, n is between 4 and 5. In another embodiment,
n equals exactly 3.
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It will be appreciated by one skilled in the art that nucleic
acid substitutions, analogues, or derivatives of the binding
sites that result in increased binding strength that can be
detected by a method of the present invention are also
included in the present invention. In another embodiment,
sequences highly homologous to the claimed binding sites
also form a part of the present invention.

In another embodiment, the invention provides an isolated
nucleic acid comprising a sequence set forth in SEQ ID No
63, 64,76, 77,78, 84, or 292-335. In another embodiment,
there is provided an isolated nucleic acid that comprises a
sequence set forth in SEQ ID No 374, 377, 378, 380, 382,
384,387,394-396, 415, 416, or 421. In one embodiment, the
nucleic acid is RNA or a derivative thereof. In another
embodiment, the invention provides an oligonucleotide of at
least 15 bases, with a nucleic acid sequence corresponding
to SEQ ID NO 1-335, or a complementary sequence thereof.
In another embodiment, the invention provides an oligo-
nucleotide of at least 15 bases, with a nucleic acid sequence
corresponding to SEQ ID NO 336-449, or a complementary
sequence thereof. In one embodiment, the oligonucleotides
may be either sense or antisense in orientation. Homologues
of the isolated nucleic acid sequences and oligonucleotides
are also included in the current invention.

In one embodiment, “oligonucleotides” are short-length,
single- or double-stranded polydeoxynucleotides that are
chemically synthesized by known methods (such as phos-
photriester, phosphite, or phosphoramidite chemistry, using
solid phase techniques such as described in EP 266,032
published 4 May 1988, or via deoxynucleoside H-phospho-
nate intermediates as described by Froehler et al, Nucl.
Acids Res, 14: 5399-5407 [1986]). They may then, in one
embodiment, be purified on polyacrylamide gels. Oligo-
nucleotides may be composed of any of the embodiments of
nucleic acids disclosed herein.

In another embodiment, the invention provides an isolated
peptide having an amino acid sequence encoded by a nucleic
acid sequence as set forth in SEQ ID No 63, 64, 76, 77, 78,
84, or 292-335. In another embodiment, the invention pro-
vides an isolated peptide encoded by a nucleic acid sequence
as set forth in SEQ ID No 374, 377,378, 380, 382, 384, 387,
394-396, 415, or 416, 421. Homologues of the isolated
peptides are also included in the current invention.

The RNA sequences, oligonucleotides, and peptides may
be used for a wide variety of purposes, including the
diagnosis or treatment of a disease or disorder, screening
methods to identify bioactive molecules, searches for
homologous sequences, scientific experiments, or identifi-
cation of useful consensus sequences that may not be exactly
represented among the sequences. The RNA sequences,
oligonucleotides, and peptides may be subcloned into a
plasmid or vector, ligated into another molecule, amplified,
or subjected to any other procedure for manipulated nucleic
acids that is known in the art (see, for example, Molecular
Cloning. (2001), Sambrook and Russell, eds.).

In another embodiment, the invention provides a method
of modifying an expression profile of a gene of interest,
comprising engineering the gene of interest to comprise an
RNA motif comprising a sequence as set forth in SEQ ID No
1-335 and 450-469, thereby modifying the expression pro-
file of the gene of interest. In one embodiment, the
sequences are inserted alone. In another embodiment, the
sequences are inserted together with surrounding sequence.
Split up these; also comprising a motif identified by the
method of . . ..

In one embodiment, the modification of the gene is tissue
specific. In one embodiment, the modification is specific to
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neuronal tissue. In another embodiment, the tissue-specific
modification is specific to for example, the nervous system.
The nervous system may refer to, for example, the central
nervous system, the peripheral nervous system, a portion of
the nervous system, or any combination of these elements.
In another embodiment, the modification is not tissue spe-
cific. Each of these represents a separate embodiment of the
present invention.

A “tissue specific” modification refers, in one embodi-
ment, to a modification that is only manifest in specific
tissues. In another manifestation, “tissue specific” modifi-
cation refers to a modification that is primarily manifest in
specific tissues.

In one embodiment, the modification may affect the
splicing of an RNA molecule. In one embodiment, the
modification may affect the branch point recognition of an
RNA molecule In another embodiment, the modification
may affect the extent of export of an RNA molecule from the
nucleus. In another embodiment, the modification may affect
the localization of an RN A molecule to or near the inhibitory
synapse. In another embodiment, the modification may
affect the extent of export of an RNA molecule from the cell.
In another embodiment, the modification may affect the
expression of a protein encoded by an RNA molecule. In
another embodiment, the modification may affect the steady-
state concentration of a protein encoded by an RNA mol-
ecule. In another embodiment, the modification may affect
the activity of a protein encoded by an RNA molecule. In
one embodiment, a parent RNA molecule may be affected in
one of the ways mentioned herein.

In one embodiment, the RBP binding site is introduced
into an exon of a gene of interest. In another embodiment,
the binding site is introduced into an intron of a gene of
interest. In one embodiment, the binding site is introduced
into a 5' untranslated region of a gene of interest. In one
embodiment, the binding site is introduced into a 3' untrans-
lated region of a gene of interest.

The binding sites can be inserted, in one embodiment, into
a gene of interest by inserting the appropriate nucleotide
sequences encoding the desired amino acid sequences to
each other by methods commonly known in the art, such as,
for example, ligation. The resulting nucleic acid can then be
subcloned into an appropriate expression rector as described
herein, or can be flanked by sequences that will promote
intra-chromosomal insertion (e.g., by homologous recombi-
nation or random integration) and introduced into the
desired host cell, where it may be expressed.

In one embodiment, the gene of interest is Nova-1,
Nova-2, or a homologue thereof. In another embodiment,
the gene is not a homologue of Nova-1 or Nova-2. In one
embodiment, the gene is a reporter gene.

In another embodiment, the gene may be any nucleotide
sequence, the manipulation of which may be deemed desir-
able for any reason (e.g., treat disease, confer improved
qualities, etc.), by one of ordinary skill in the art. Such
nucleotide sequences include, but are not limited to, coding
sequences of structural genes (e.g., reporter genes, selection
marker genes, oncogenes, drug resistance genes, growth
factors, etc.), and non-coding regulatory sequences which do
not encode an mRNA or protein product (e.g., promoter
sequence, polyadenylation sequence, termination sequence,
enhancer sequence, etc.). Each sequence represents a sepa-
rate embodiment of the present invention.

A wide variety of genes can be modified by the binding
sites of the present invention such as genes encoding vac-
cines, antigens, toxic gene products, potentially toxic gene
products, and anti-proliferation or cytostatic gene products.
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Reporter genes can also be modified including enzymes,
(e.g. chloramphenicol acetyltransferase, beta-galactosidase,
luciferase, beta-glucuronidase, Green Fluorescent Protein,
HIS3), fluorescent proteins such as green fluorescent pro-
tein, or antigenic markers. Reporter genes, are one embodi-
ment, are genes whose expression can be detected by
detection methods known in the art.

In one embodiment, to comprise the nucleic acid
sequence or RBP binding site inserted into the gene of
interest may compete for a biological factor that binds a
different molecule or binding site. When a molecule or
binding site interacts with a biological factor that is present
at limiting concentrations, it may, in one embodiment,
reduce the number of copies of the biological factors that are
available to interact with other molecules or binding sites,
competing with the other molecules or binding sites for the
biological factor. In another embodiment, competing for a
biological factor may eliminate other copies of the biologi-
cal factor that are available to interact with other molecules
or binding sites. Thus, competition for a biological factor
may reduce or eliminate the number of copies of the
biological factor that interact with the other molecule or
binding site.

There may be, in one embodiment, another binding site
for the biological factor at a different portion of the gene of
interest. In another embodiment, there may be another
binding site for the biological factor on a different gene. In
this case, competition for the biological factor by may
reduce or eliminate the number of copies of the biological
factor that interact with the alternate site of the gene of
interest or other gene. In this way, the engineered binding
site may thus indirectly affect the expression pattern of the
gene of interest or other gene. In one embodiment, the
splicing patter of the gene of interest or other gene may be
affected. Competition for binding sites has been shown to
affect the activity of the splicing factor Sub2P.

The present invention includes, in one embodiment, the
use of the modified gene to diagnose, treat, ameliorate, or
prevent a disease or ailment. In one embodiment, the disease
or ailment is POMA. In another embodiment, the disease is
another neurologic disorder as described herein. In another
embodiment, the disease is a non-neurologic disorder. In
another embodiment, the disease is an autoimmune disorder
as described herein.

In one embodiment, the diagnosis, treatment, ameliora-
tion, or prevention of the disease may comprise administer-
ing the modified gene in a pharmaceutical composition to a
subject in need of such treatment. In another embodiment,
the diagnosis, treatment, amelioration, or prevention of the
disease may comprise the use of a reporter gene modified as
described herein. The use of the modified reporter gene may
include, but is not limited to, diagnosis of defects in RNA
splicing, export, localization or protein expression, concen-
tration or activity of endogenous genes. Fach of these
methods represents a separate embodiment of the present
invention.

In another embodiment of the invention, the aforemen-
tioned vector is introduced into an embryonic cell or other
type of cell, for the construction of a transgenic animal to
regulate the expression of a transgene in a tissue specific
manner.

The modified genes can be introduced into animals by
transgenic technology. Animals of any species, including,
but not limited to, mice, rats, rabbits, guinea pigs, pigs,
micro-pigs, goats, sheep, cattle, chickens, fish and non-
human primates, e.g., baboons, monkeys and chimpanzees
may be used to generate transgenic animals. The term
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“transgenic”, in one embodiment, refers to animals express-
ing coding sequences from a different species (e.g., mice
expressing human gene sequences), as well as animals that
have been genetically engineered to no longer express, or
express inactive versions of, endogenous gene sequences,
(i.e., “knockout”, or “null” animals). In transgenic animals
that express coding sequences from a different species, as
well as in the genetically engineered “knock out” transgenic
animals, the altered coding sequences are present in a stably
integrated form in their somatic cells, and may also be stably
integrated into their germ cell lines so that the altered coding
sequences are passed on to their progeny. The present
invention encompasses transgenic animals whose progeny
contain such stably integrated altered coding sequences as
well as transgenic animals wherein the altered coding
sequences are stably integrated only in their somatic cells,
and therefore not passed on to their progeny. As used herein,
“progeny” also refers to subsequent generations of single
cells. Methods for the preparation and use of such animals
are known in the art. A protocol for the production of a
transgenic pig can be found in White and Yannoutsos,
Current Topics in Complement Research: 64th Forum in
Immunology, pp. 88-94; U.S. Pat. No. 5,523,226; U.S. Pat.
No. 5,573,933; PCT Application W093/25071; and PCT
Application W095/04744. A protocol for the production of
a transgenic rat can be found in Bader and Ganten, Clinical
and Experimental Pharmacology and Physiology, Supp.
3:S81-S87, 1996. Protocol for the production of a transgenic
cow and a transgenic sheep can be found in Transgenic
Animal Technology, A Handbook, (1994), Pinkert, C A ed.,
Academic Press, Inc.

Transgenic non-human animals may produced by intro-
ducing altered coding sequences into the germ line of the
non-human animal. Embryonal target cells at various devel-
opmental stages may be used to introduce the altered coding
sequences of the invention. Different methods may be used
depending on the stage of development of the embryonal
target cell(s). Such methods include, but are not limited to,
microinjection of zygotes, viral integration, and transforma-
tion of embryonic stem cells as described below, and in U.S.
Pat. No. 6,613,958 and references cited therein. Each such
method represents a separate embodiment of the present
invention.

Microinjection of zygotes is one method for incorporating
altered coding sequences into animal genomes. A zygote,
which is a fertilized ovum that has not undergone cell
division, is the preferred target cell for microinjection of
transgenic DNA sequences. The mouse male zygote nucleus
reaches a size of approximately 20 micrometers in diameter,
a feature which allows for the reproducible injection of 1-2
picoliters of a solution containing transgenic DNA
sequences. The use of a zygote for introduction of altered
coding sequences has the advantage that, in most cases, the
injected transgenic DNA sequences will be incorporated into
the host animal’s genome before the first cell division
(Brinster et al., Proc. Natl. Acad. Sci. USA 82:4438). As a
consequence, all cells of the resultant transgenic animals
(founder animals) stably carry an incorporated transgene at
a particular genetic locus, referred to as a transgenic allele.
The transgenic allele demonstrates Mendelian inheritance,
i.e., half of the offspring resulting from the cross of a
transgenic animal with a non-transgenic animal will inherit
the transgenic allele, in accordance with Mendel’s rules of
random assortment.

Viral integration can also be used to introduce the altered
coding sequences of the invention into an animal. This
method is further described in Jaenich, Proc. Natl. Acad. Sci.
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USA 73:1260). Introduction of altered coding sequences
into germ line cells by this method is possible but probably
occurs at a low frequency. However, once a transgene has
been introduced into germ line cells by this method, off-
spring may be produced in which the transgenic allele is
present in all of the animal’s cells, i.e., in both somatic and
germ line cells.

Embryonal stem (ES) cells can also serve as target cells
for introduction of the transgenes of the invention into
animals, as described in Evans et al., Nature 292:154. Once
a transgene has been introduced into germ line cells by this
method, offspring may be produced in which the transgenic
allele is present in all of the animal’s cells, i.e., in both
somatic and genu line cells.

In another embodiment, the present invention provides a
transgenic mouse comprising a mutation in a Nova-2 gene
(FIGS. 4, 9, and 10). In one embodiment, the Nova-2
mutation may alter, diminish, or abrogate expression of
Nova-2 RNA or Nova-2 protein. In another embodiment, the
mutation may result in production of Nova-2 protein with an
altered amino acid sequence. In another embodiment, the
mutation may result in production of Nova-2 RNA with an
altered nucleotide sequence. In another embodiment, the
mutation is a null mutation. In another embodiment, the
mutation is a temperature sensitive mutation. In another
embodiment, the mutation, or expression of the transgenic
Nova-2 protein, is manifest in a tissue-specific manner.

In one embodiment, the transgenic mouse may be gener-
ated by the technique of cre-lox recombination (FIG. 9A). In
this system, the cre enzyme (also referred to as flp recom-
binase) is used to catalyze site-specific recombination of
homologous sequences between a targeting vector and
genomic DNA, such that either the genomic DNA is
replaced by sequences from the targeting vector, or
sequences from the targeting vector are inserted into
genomic DNA sequences. Cre binds to sites known as loxP
sites, catalyzing recombination between loxP sites on other
molecules, or between multiple sites on the same molecule.
“Recombination” refers, in one embodiment, to the breaking
and rejoining of strands of DNA to produce a rearranged
molecule. The use of cre-lox recombination is known to
those skilled in the art (see, for example, Fuchs E C, et al,
Proc Natl Acad Sci USA 98:3571-76).

In one embodiment of cre-lox recombination, the cre
enzyme may be inserted into the genome of the transgenic
mouse. In another embodiment, the cre enzyme may be
under the control of an inducible promoter. In another
embodiment, the sequence inserted into the mouse’s genome
may contain one or more selectable markers that confer
antibiotic resistance, such as, for example, neomycin resis-
tance. In another embodiment, the selectable markers may
be removed subsequent to inserting the sequence into the
genome. In another embodiment, cre-lox recombination
may be performed on embryonic stem cells, which may, in
one embodiment, be subsequently used to generate a trans-
genic mouse. In another embodiment, insertion of the for-
eign sequence into the mouse’s DNA may be verified by
Southern blot (FIG. 9B). Each of these methods represents
another embodiment of the present invention.

Nova-2 knockout mice were shown to exhibit splicing
defects in GABAy2 RNA (FIG. 10), showing that Nova-1
and Nova-2 are capable of mediating similar functions. In
addition, it was shown that the knockout mice had elevated
circulating levels of IGF-1, and low levels of serum glucose.
This shows that RBP in general, and Nova in particular, have
implications in metabolic systems, and potentially those
involving autoimmune diseases.
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In another embodiment, cells may be isolated from the
transgenic animals described herein. Transgenic animals, or
cell isolated from them, may be used, in one embodiment, as
disease models for POMA or other diseases, or for other
purposes apparent to one skilled in the art. In one embodi-
ment, the isolated cells, or their progeny, may be used for
one of the purposed described herein. In another embodi-
ment, the isolated cells may be used to generate cell lines,
which may be used for one of the purposed described herein.
A “cell line”, in one embodiment, refers to a lineage of cells
derived from a cell that has been immortalized. An “immor-
talized cell” refers, in one embodiment, to a cell that has
enhanced ability to replicate, or to be propagated in cell
culture. Each such use of the transgenic animals or cells
derived from them represents an additional embodiment of
the present invention.

In another embodiment, there is provided a method for
identifying a therapeutic agent for the treatment of a disease
or disorder associated with Nova-2 gene expression. In one
embodiment, this method comprises the steps of (a) con-
tacting a cell of a transgenic mouse described herein with a
candidate therapeutic agent; (b) determining qualitative or
quantitative changes in a parameter in the transgenic mouse
associated with the disease or disorder in the presence of the
candidate therapeutic agent; and (c) determining qualitative
or quantitative changes in a parameter in the transgenic
mouse associated with the disease or disorder in the absence
of the candidate therapeutic agent. If amelioration or abro-
gation of the disease or disorder is observed in the transgenic
mouse, this may indicate a therapeutic effect of the candidate
therapeutic agent. In one embodiment, the parameter that is
observed may be a symptom, indicator, or manifestation of
the disease or disorder of interest.

In another embodiment, there is provided a method for
studying a symptom, disease or disorder associated with
Nova-2 gene expression, comprising ascertaining the pres-
ence or absence of the symptom, disease or disorder in the
transgenic mouse described herein. In another embodiment,
a quantitative, or qualitative change in the extent of the
symptom, disease or disorder may be measured. In one
embodiment, the symptom, disorder, or disease may be
POMA, one of the diseases or disorders disclosed herein, or
an associated symptom. In one embodiment, exhibition of
the symptom, disease, or disorder in the transgenic mouse
indicates involvement of Nova-2 gene expression in the
symptom, disease, or disorder. In another embodiment, if the
symptom, disease, or disorder is present in the transgenic
mouse, the transgenic mouse may be used as a disease
model. Methods for measuring or ascertaining a symptom,
disorder, or disease are known in the art, and vary according
to the particular symptom, disorder, or disease. In one
embodiment, they may comprise direct observation, obser-
vation of a change in a behavior pattern, or observation of
a physiological change, a histological change, or a manifes-
tation of pain. In another embodiment, the method may
comprise administering a test of the animal’s fitness, activity
level, immunological health, coordination, or mental ability.
Each such method represents a separate embodiment of the
present invention.

In another embodiment, there is provided a method for
identifying a therapeutic agent for the treatment of a disease
or disorder associated with Nova-2 gene expression, com-
prising (a) contacting a cell of transgenic mouse of the
present invention with a candidate therapeutic agent; (b)
assessing a parameter associated with the disease or disorder
in the transgenic mouse in the presence of the candidate
therapeutic agent; and (c) assessing a parameter associated
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with the disease or disorder in the transgenic mouse in the
absence of the candidate therapeutic agent, wherein amelio-
ration of the parameter in the transgenic mouse is an
indication of a therapeutic effect of the candidate therapeutic
agent.

Disease models may be used to test potential therapies or
prophylactic measures, or to understand the etiology of a
symptom, disease, or disorder. Methods for using mice as a
disease model are known in the art, and vary according to the
particular symptom, disorder, or disease. Each such method
represents a separate embodiment of the present invention.

In one embodiment, the disease or disorder that is studied,
or for which a therapeutic agent is identified, is a neuro-
logical disorder as described herein. In another embodiment,
the disorder is POMA, Multiple Sclerosis, Alzheimer’s
Disease, Huntington’s Disease or Parkinson’s Disease. In
one embodiment, the disorder is an autoimmune disorder as
described herein.

In another embodiment, the method for studying a symp-
tom, disease, or disorder may involve complementing the
transgenic mouse with a wild-type Nova-2 gene. “Comple-
mentation”, in one embodiment, refers to contacting a
transgenic animal, or a cell derived from the animal, with a
gene or nucleic acid molecule encoding a wild-type copy of
a gene that has been mutated or deleted. Restoration of a
phenotypic characteristic that is altered in the transgenic
animal may indicate, in one embodiment, that the observed
phenotypic characteristic is due to the altered gene. Tech-
niques for complementation of mutated genes are known to
those skilled in the art (see, for example, Ikenaka et al, Dev
Neurosci. 17:127-36, and referenced cited herein for trans-
genic animals).

In another embodiment, complementation of the trans-
genic mouse with a wild-type Nova-2 gene may utilize a
vector comprising a wild-type Nova-2 gene under the con-
trol of an inducible promoter. “Inducible promoters,” in one
embodiment, refer to promoters whose activity can be
affected by the presence of one or more factors. Inducible
promoters are familiar to those skilled in the art, and are
discussed, for example, in Christen et al Transgenic Res.
11:587-95.

In another embodiment, the present invention provides a
method of studying a Nova-2 protein function, comprising
assessing a qualitative or quantitative change in a parameter
in a transgenic mouse of the present invention, thereby
studying a Nova-2 protein function.

In one embodiment, the parameter measured may be the
pattern of splicing, localization, export from the nucleus, or
export from the cell of an RNA molecule. In another
embodiment, the parameter measured may be the pattern of
expression, concentration, or activity of a protein molecule.
Methods for measuring changes in splicing, localization,
export, expression, concentration, or activity of an RNA or
protein molecule have been described herein. In one
embodiment, the changes detected may be a quantitative or
qualitative change, increase, or decrease in the magnitude,
frequency, duration, consistency, or reproducibility of the
parameter.

In another embodiment, the method of determining down-
stream effects of altered Nova-2 gene expression may
involve complementing the transgenic mouse with a wild-
type Nova-2 gene as described herein. In this case, a
parameter is measured in a wild-type mouse, an uncomple-
mented transgenic mouse, and a transgenic mouse that has
been complemented with the wild-type Nova-2 gene. If a
difference is observed between the wild-type and uncomple-
mented transgenic mice, partial or complete restoration of
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the wild-type phenotype in the complemented transgenic
mouse provides corroborates the conclusion that altered
Nova-2 gene expression affects the phenotype. In another
embodiment, the complementation of the transgenic mouse
with a wild-type Nova-2 gene may utilize a vector compris-
ing a wild-type Nova-2 gene under the control of an induc-
ible promoter, as described herein.

In another embodiment, the method of determining down-
stream effects of altered Nova-2 gene expression may
involve isolating one or more nucleic acid molecules that
interact with Nova-2 protein. In one embodiment, the iso-
lation of the nucleic acid molecules may take place by any
method known in the art, such as immunoprecipitation or
any of the methods described herein. In one embodiment,
the immunoprecipitation may be carried out with an anti-
body or antiserum that recognizes Nova protein as described
herein. In another embodiment, the nucleic acid molecules
may be purified. In another embodiment, the nucleic acid
molecules may be identified. A change in a pattern of
splicing, expression, localization, or export from the nucleus
or from the cell of the nucleic acid molecules in the
transgenic mouse may indicate that expression of Nova-2
protein affects the parameter measured.

In another embodiment, the method of isolating nucleic
acid molecules that interact with Nova-2 protein may com-
prise the CLIP method disclosed herein. The CLIP frag-
ments obtained from the wild-type and transgenic mouse
may be compared to ascertain difference between them, the
differences indicating an effect of altered Nova-2 gene
expression.

In another embodiment, the method of isolating nucleic
acid molecules that interact with Nova-2 protein may com-
prise the use of differential display. Mammals, such as
human beings, have about 100,000 different genes in their
genome, of which only a small fraction, perhaps 15%, are
expressed in any individual cell. Differential display tech-
niques permit the identification of genes specific for indi-
vidual cell types. Briefly, in differential display, the 3'
terminal portions of mRNAs are amplified and identified on
the basis of size. Using a primer designed to bind to the §'
boundary of a poly(A) tail for reverse transcription, followed
by amplification of the ¢cDNA using upstream arbitrary
sequence primers, mRNA sub-populations are obtained.
Differential display techniques are described in more detail
in U.S. Pat. No. 6,623,928 are references cited therein.

In another embodiment, the transgenic mouse may be
used to determine whether a test compound exhibits Nova
agonist or antagonist activity. This method comprises the
steps of: (a) contacting a cell of the transgenic mouse of the
present invention with a test compound; (b) contacting a cell
of'a Nova-2-expressing mouse with the test compound; and
(c) determining changes in a parameter associated with
Nova activity. In one embodiment, the parameter measured
may be the splicing pattern of a gene affected by Nova
(Example 4) such as, for example, one of the genes disclosed
herein. In another embodiment, the parameter measured may
be the pattern nucleic acid molecules isolated by the CLIP
method with anti-Nova antisera, or isolated by another
method known in the art for isolating nucleic acid molecules
associated with a protein. Enhancement of Nova activity
may be indicative of agonist activity, and diminution or
abrogation of Nova activity may be indicative of antagonist
activity.
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EXAMPLES

Example 1

CLIP Specifically Isolates Covalently Bound
RBP-RNA Complexes

Materials and Experimental Methods

Immunoblot Analysis.

The following antibodies were used: gephyrin (Transduc-
tion laboratories), rabbit Nova antiserum (Buckanovich, R.
J. et al, Mol Cell Biol 17, 3194), Hsp90 (Transduction
laboratories), rabbit brPTB antiserum (Polydorides, A. D. et
al, Proc Natl Acad Sci USA 97, 6350), dimethyl-Histone H3
(Upstate Biotechnology). Antibody to neuronal Hu proteins
and Human POMA serum were obtained from paraneoplas-
tic neurologic disease patients. BrPTB antibody was used as
previously described (Polydorides A D et al, Proc Natl Acad
Sci USA 97: 6350-55).

Nova-1 Knockout Mice.

Nova-1 knockout mice were previously described (Jensen
K B et al, Neuron 25:359-71).

UV Cross-Linking of Mouse Tissue.

Mouse hindbrain and spinal cord tissue was dissected
from 60 postnatal day 4 P8 mice, and rapidly disaggregated
in 50-milliliter (ml) polypropylene tubes using a rubber
syringe plunger. This tissue suspension was filtered through
a 200 micron (um) nylon filter, the filter was washed with
more PBS (total volume was about 100 ml), and flow-
through was transferred to 50 ml falcon tubes and spun at
2500 rotations per minute (rpm), 10 minute (min) at 4°
Celsius (C). Supernatant was removed and cells resuspended
in 80 ml total volume of PBS. Washed tissue material was
then resuspended with 1xPBS and placed in 150-millimeter
(mm) culture plates (10 ml cell suspension per plate) for
irradiation. Irradiation was carried out with a mercury light
(maximum emission at 254 nm) to a final energy of 400
millijoule (mJ)/centimeter (cm)*.

Suspension was collected, and then each irradiated plate
washed with 15 ml fresh PBS. Wash and suspension were
combined and pelleted at 2500 rpm, 10 min, 4° C.; then
resuspended in 30 ml total volume of PBS. Suspension was
distributed to Eppendorf tubes (1 ml per tube), pelleted, and
supernatant removed. Pellets were frozen at —80° C. until
use.

Immunoprecipitation
Solutions

PXL solution comprises 1xPBS (tissue culture grade; no
Mg++, no Ca++) or 5xPBS (designated as 1xPXL and
5xPXL, respectively), 0.1% SDS, 0.5% sodium deoxy-
cholate, and 0.5% Noniodet P-40 (NP-40).

1xPNK+ comprises 50 mM tris(thydroxymethyl)amin-
omethane (tris)-Cl pH 7.4, 10 mM MgCl2, and 0.5% NP-40.
Bead Preparation:

300 microliter (ul) of protein A-Dynabeads stock were
used for each Eppendort tube of cross-linked lysate. Beads
were washed 3 times with 1xPXL and resuspended in 150 ul
1xPXL. 60 pl rabbit anti-Nova and protein A-Dynabeads
were added to each 200 pl of bead stock. Tubes were rotated
at room temperature for 30-45 min and washed 3 times with
1xPXL and 1 time with 5xPXL.

RBP-RNA Complex Isolation

350-400 pl per tube 1xPXL was added to cross-linked
lysate, then lysate was incubated on ice for 10 minutes in a
total volume of 900 ul 40 ul RNAsin and 40 pl of Promega
RQ1 DNAse was added to each tube, and samples incubated
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at 37° for 15 min, rotating at 1000 rpm. 4-6 ul of Ambion
biochemistry grade RNAse T1 diluted 1:500 in PXL was
added, and tubes were incubated at 37° for 10 min. Lysates
were centrifuged in pre-chilled micro-ultracentrifuge;
90,000 rpm for 25 min at 4° (polycarbonate tubes in TLA
120.2 rotor). Supernatant was removed, added to a prepared
tube of beads, and rotated for 1 hour at 4°. Beads were then
washed with ice-cold buffer, using wash volumes of 800-
1000 pl, with the following Number of iterations: 2 times
with 1xPXL, 1 time with 5xPXL, and 3 times with 1xPNK+.
Beads were resuspended in 80 pl of 1xPNK+, and 10 pl of
32P gamma-ATP and 10 pl of T4 polynucleotide kinase
enzyme added. Tubes were incubated in themomixer at 37°
and 1000 rpm for 30 min. 5 pl of 100 mM Adenosine
Triphosphate (ATP) was added, and tubes incubated another
5 min. Beads were washed 4 times with 1xPNK+.
RBP-RNA Complex Purification

Washed beads were resuspended in 30 pl of 1xPNK+ and
30 pl of Novex loading buffer, and incubated at 70° C. for
10 min at 1000 rpm. Beads were isolated and the supernatant
loaded on a Novex NuPAGE 10% Bis-Tris gel. Each tube
was loaded onto 3 wells. After gel run, gel was transferred
to BA-85 NC Schleicher & Schuell Bioscience, Inc. (Keene,
N.H.) using a Novex wet transfer apparatus. Most of the
radioactive signal in the gel was below a MW of about 20-15
kDa, and this portion of the gel was cut off prior to transfer.
After transfer, NC filter was rinsed in 1xPBS and gently
blotted on Kimwipes; membrane was wrapped in plastic
wrap and exposed to film.

RNA Isolation and Purification
Solutions

1xPK buffer comprises 100 mM Tris-Cl pH 7.5, 50 mM
NaCl, and 10 mM EDTA. 1xPK buffer/7 M urea comprises
100 mM Tris-Cl pH 7.5, 50 mM NaCl, 10 mM EDTA, and
7 molar (M) urea. This buffer should be made fresh.

The piece of NC corresponding to the radioactive band
(FIG. 1B) was cut out using a scalpel blade, and cut into
pieces as small as possible. This band was positioned 510
kDa higher than Nova protein alone, as assayed by Western
blotting (data not shown). 4 milligram (mg)/ml proteinase K
(prot K) was added to 1xPK buffer and pre-incubated at 37°
C. for 20 min to inactivate RNAses. 200 pl of prot K solution
was combined with each isolated NC piece in a microcen-
trifuge tube and incubated 20 min, 37° at 1200 rpm. 200 ul
of prot K/7M urea solution was added, and the tubes were
incubated 20 min, 37° at 1200 rpm. 400 pl “RNA phenol”
and 130 pl of CHCI; was added to tubes, which were then
incubated at 37° for 20 min at 1400 rpm. “RNA phenol” is
pure phenol that has been equilibrated with 0.15 M Sodium
acetate (NaOAc) pH 5.2; “CHCI;” is chloroform at a ratio
of 49:1 with isoamyl alcohol. Tubes were spun at 14,000
rpm in a microcentrifuge, and aqueous phase was transferred
to empty tubes. 50 pl 3M NaOAc pH 5.2 and 1 ml of 1:1
ethanol:isopropanol  (EtOH:isopropanol) was added.
Samples were precipitated overnight at —20°
RNA Ligations

RNA was spun down, washed and dried, and counted in
scintillation counter (Chrenkov). 20% of sample was set
aside as an unligated control.

Directional RNA Ligations:

The RLS oligonucleotide (SEQ ID No 477) contained a
5'-OH and a 3'-OH group, which allowed it to be coupled to
the 5' phosphorylated end of the RNA fragment. The RL3
RNA oligonucleotide (SEQ ID No 492) contained a 5'
phosphate and a 3' end blocked with puromycin, and could
only link to the tag at the 3' end. RL5 and RL3 were both
obtained from the company Dharmacon. The ligation mix-
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ture comprised 1 pul 10xT4 RNA ligase buffer (3 U, Fer-
mentas), 0.3 T4 RNA ligase (Fermentas), 1 ul BSA (0.2
mg/ml), 1 pl of 10 mM ATP, and 1 pl RL5 linker at 20
picomole (pmol)/ul, and 5.7 pl H,O, in which RNA was
resuspended. Mixture was incubated at 16° for 60 min, and
1 ul RL3 linker at 40 pmol/ul, 0.5 ul 0.5 ATP, and 0.2 ul T4
RNA ligase was added. Mixture was incubated again at 37°
for 30 minutes. The following mixture was then added to the
reaction: 77 ul H,0, 11 pl 10xDNAse I buffer, 5 pl RNAsin,
and 5 ul RQ1 DNAse (Promega). Mixture was incubated at
37° for 20 min. The following was then added to the
reaction: 300 pl H,0, 300 pul “RNA phenol”, and 100 ul
CHCI,. The tube was vortexed and centrifuged, and aqueous
layer taken. RNA was then precipitated by adding the
following: 50 pl 3M NaOAc pH 5.2, 2 ul glycoblue (gly-
cogen) (Ambion), 1 ml 1:1 EtOH:isopropanol, and incubat-
ing overnight at —20° C.

Size Separation of RNA

RNA pellets were centrifuged, washed, and dried, and
recovery checked by counting in scintillation counter. RNA
was resuspended in water and run on 20% denaturing
polyacrylamide gel (1:19 acrylamide, 7M urea) along with
pre-ligation RNA. Gel was visualized by autoradiography,
and 2 fractions of 60-100 nucleotides (nt) and 100-200 nt
were removed, placed into Eppendorf tubes with 350 pl of
nucleic acid elution buffer, and crushed with a 1 ml syringe
plunger. Tubes were incubated at 37° for 30 min at 1200
rpm, then gel slurry was added to a Costar SpinX column
containing a 1 cm glass pre-filter. Columns were spun at
14,000 rpm in a microcentrifuge, and supernatant was
removed. Nucleic acid elution buffer comprised 1M NaOAc
pH 5.2 and 1 mM EDTA. The following was then added,
then samples were precipitated overnight at -80° C.: 2 ul
glycoblue and 1 ml 1:1 EtOH:isopropanol.
c¢DNA Synthesis and PCR

RNA was centrifuged, washed, dried, and counted in
scintillation counter. RNA was resuspended in 9 ul H20, and
2 ul of DP3 primer (SEQ ID No 494) at 5 pmol/ul was
added. Tubes were heated at 65° for 5 min, chilled, and
centrifuged for 10 seconds (sec). The following ingredients
were then added: 2 pl 10 mM deoxynucleoside triphosphates
(dNTP), 2 pl 0.1 M 1,4-dithio-threitol (DTT), 4 pl 5x
Superscript RT buffer, 0.5 pul RNAsin, 0.5 pl SuperScriptll
(Invitrogen), and tubes were incubated at 55° C. for 30 min,
then at 90° for 5 min, then chilled. PCR reaction was
performed, using the following reaction components and
parameters, (respectively): 4 ul 10xPfu buffer, 4 ul DP3
primer and 4 ul DPS primer (SEQ ID No 493), both at 5
pmol/ul, 4 ul 2.5 mM dNTPs, 4 ul radiolabeled DPS primer
at 0.5 pmol/ul, 1 pi Pfu, 3 pi of the RT reaction, and 16 pl
H,0; at 94° C., 30 seconds; 61° C., 30 seconds; 72° C., 30
seconds, for 35 cycles. The DNA primers were provided by
Operon.

10 pl of each PCR reaction was run on a 10% denaturing
polyacrylamide gel and visualized by autoradiography.
Bands of 60-100 nt and 100-200 nt were excised and eluted
with SpinX columns as described, and resuspended in 10 ul
of water.

Re-PCR and Cloning

DNA was centrifuged, washed, dried, resuspended in 20
pA H,O. Each reaction was split into 2 samples, and
subjected to PCR using the ingredients 5 ul 10xPfu buffer,
1 pl 10 mM dNTPs, 1 pul Pfu, 2 pl purified DNA, 37 pl H,0,
and the primer pairs DP5/DP3Nhel (SEQ ID No 493 and
496) (reaction A), or DP5EcoR1/DP3Nhel (SEQ ID No 495
and 496) (reaction B) with the parameters described here-
inabove for 20 cycles. Each reaction was electrophoresed on
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an 8% denaturing polyacrylamide gel. The major band for
each PCR reaction was excised using a UV box, and purified
as described hereinabove. RT-PCR was then performed
again with the same primer pairs, and the products were
electrophoresed on a 4% metaphor agarose gel, and the
DNA was purified.

Both reactions A and B were digested using the enzyme
Nhel incubate for 1 h at 37°, then incubated for 20 min at
70°. Reaction B was additionally digested by adding 1 pl
EcoR1 and incubated for 1 h at 37°. The reaction was then
incubated for 20 min at 70°. Digestion products were
desalted using a G25 column.

Ligation

The following mixture was incubated 3 h at 16° C.: 7 ul
10x ligation buffer, 3 pl T4 DNA ligase, 30 ul of digested
tags A, and 30 pl of digested tags B. The mixture was then
incubated 20 minutes at 60° to inactivate the ligase, desalted
using an S200 column, and dried in a speedvac to 20 pl final
volume. The DNA was purified by electrophoresing 20 pl of
ligation product on a 2% agarose gel. Ligation was con-
firmed by visualization of bands 1, 2, 4, 6, and 8 times the
size of the initial PCR product. Visible bands of 400-800
nucleotides length were excised, purified from the gel, and
the purified DNA resuspended in 30 pl of EB.

TOPO Cloning and Sequencing

A 3' A end was generated using the following protocol:
The following mixture was incubated at 72° for 20" 3.5 ul
DNA, 0.5 pl 10xTaq buffer, 0.5 pl 10 mM dATP, and 0.5 pl
Taq polymerase (5 U). The mixture was then placed on ice
and used immediately in the TOPO cloning reaction. The
following reagents were combined, mixed gently and incu-
bated 5 min at room temperature: 2-4 pul DNA, H,0 to 4 pl,
1 wl salt solution, and 1 pl pCR4-TOPO vector 2 pl of
reaction was then added to a vial of Top 10 competent cells,
which were transformed by incubating 10 min on ice, then
30 sec at 42°, then 2 min on ice. 250 ul SOC medium was
added, and the cells incubated for 1 hr, shaking, at 37°. 10-50
ul of the cell suspension was spread on ampicillin plates
(containing 40 pl each of IPTG & X-gal stock solutions
(x-gal stock consisted of 400 mg X-Gal in 10 ml dimeth-
ylformamide and was stored at -20° C.); IPTG stock con-
sisted of 238 IPTG/10 ml distilled and purified H20, and was
filter sterilized, and stored at 4° C.). Miniprep DNA was
prepared from white colonies following overnight incuba-
tion.

Sequencing

Inserts were then sequenced, using M13F primer (SEQ ID
No 509) (custom ordered from Operon). 16 ul of miniprep
DNA and 2 pl primer (diluted to 5 uM; 10 pmolar final
concentration) was mixed and submitted to the facility.

Linker and Primer Sequences

The following RNA linkers were used in the initial
ligation step: RL5 (5'-OH AGG GAG GAC GAU GCG G
3'-OH) (SEQ ID No 477) and RL3 5'-P CGA GAU GGC
GGC UUC CUG C 3'-puromycin (SEQ ID NO 492).

The following DNA primers were used in RT-PCR and
PCR: DP5 DNA primer: AGG GAG GAC GAT GCG G
(SEQID NO 493), DP3 DNA primer: GCA GGAAGC CGC
CAT CTC G (SEQ ID NO 494), DPSEcoR1: GAA TTC
AGG GAG GAC GAT GCG G (SEQ ID NO 495),
DP3Nhel: GCT AGC AGG AAG CCG CCATCT CG (SEQ
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ID NO 496). The following DNA primer was used in
sequencing: M13F: GTAAAACGACGGCCAG (SEQ ID
No 509).

Primers were gel purified.
Results

The protocol for purification of RNA molecules binding
to Nova-1 or Nova-2 protein was depicted in FIG. 1A.
Cross-linked cells from mouse brain tissue were collected,
lysed, digested with DNAsel (not depicted) and limiting
amounts of RNAse T1 and immunoprecipitated with anti-
Nova antiserum. Immunoprecipitated RBP-RNA complexes
were washed, and remaining RNA labeled with y->*P ATP.
Immunoprecipitated material was resolved by SDS-PAGE,
then transferred to NC. RBP-RNA complexes were
extracted from the NC, and RNA was purified by digestion
of the protein, then directionally ligated to two RNA oligo-
nucleotides. Fragments were then subjected to RT-PCR,
ligation into cloning vectors, and sequencing.

When CLIP was used to identify Nova-RNA complexes
from mouse brain, RNA was co-purified with Nova only
following UV-B irradiation; in the absence of cross-linking,
or when pre-immune rabbit serum was used for immuno-
precipitation, no RNA co-purified with Nova (FIGS. 1, B
and C). As an additional control to assess the specificity of
the interaction, CLIP was performed using WT versus
Nova-2~"~ brain, with an antibody that recognizes both
Nova-1 and Nova-2 proteins. In WT brain, cross-linked
bands migrating with both Nova-1 and Nova-2 proteins were
evident, but in Nova-2~"~ brain, RNA cross-linked specifi-
cally to protein corresponding to Nova-1, while the band
migrating at the molecular weight of 70 kDa, corresponding
to Nova-2 isoform, was lost (FIG. 1C). Thus the ability of
CLIP to isolate RNA was dependent on cross-linking and on
the presence of immunoprecipitated Nova protein. These
controls demonstrated that only RNA molecules that were
covalently bound to Nova were detected using the CLIP
method with anti-Nova antiserum. The radioactive band on
the gel was positioned 5-10 kDa higher than Nova-1 without
cross-linked RNA, as assayed by Western blotting (data not
shown).

Example 2

Monitoring of Linker Ligation and RT-PCR of
RNA Molecules

32P-labeled RNA was size purified after cross-linking and
purification from N2A cells using anti-Nova antiserum as
described in Example 1. The size of the RNA fragments
ranged from 24-150 bases; the modal size of the RNA was
approximately 60 bases (FIG. 2A). Purified RNA fragments
were ligated to 5' and 3' linker oligonucleotides (“linkers”),
which added 16 bases to each end of the molecule. The
majority of the labeled fragment RNA shifted in size by 32
bases, indicating successful ligation (FIG. 2B). RNA iso-
lated from regions 1 and 2 in FIG. 2B was amplified by
RT-PCR with specific primers complementary to the linker
sequences (FIG. 2C). The prominent band at 32 bases was
the product from the ligation of the two RNA oligonucle-
otides without insert. The products in (C) were further
divided and further amplified by PCR (FIG. 2D).
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Example 3

CLIP Method Using Nova-1 Antisera Enabled the
Isolation and Identification of Sequence Fragments
Containing Nova-1 Binding Sites

Materials and Experimental Methods

Computer Analysis of Nova CLIP Fragments.

3400 control fragments were randomly generated by a
computer program from a 200,000 nucleotides long
sequence consisting of 66% intronic, 14% exonic and 20%
3'UTR sequences (corresponding to the ratio in Nova CLIP
fragments) from random genes on mouse chromosome 1,
such that they corresponded in their size to Nova CLIP
fragments (with the average size of 71 nucleotides). Another
program was made to count the number of particular poly-
nucleotide (up to 20 nucleotides in a row) in each fragment,
and calculate the frequency of fragments carrying a certain
number of that polynucleotide (for example, YCAY, where
Y represents either U or C). An additional program was
made to calculate the average frequencies of nucleotides at
three positions flanking a particular dinucleotide (CA in our
case) in all fragments.

Nova-2 Protein Purification.

6xHis-Nova-2-T7 protein was expressed in E. coli and
purified with successive Chelating Sepharose fast flow col-
umn (Amersham 17-0575-01) and T7-fragment antibody
agarose (Novagen, 69026).

Transcription of Oligonucleotide Templates.

The PCR products for each of the four tested CLIP
fragments and genomic controls were annealed to the oli-
gonucleotide 5'-AGTAATACGACTCACTAFRAGMENT-
3' (SEQ ID NO: 510) for transcription with T7 polymerase
(Promega), and RNA synthesis carried out by using a-P-
UTP in standard transcription buffer (Promega). Transcripts
were size-purified by using 20% denaturing PAGE.
Measurement of RNA-Protein Binding.

Binding dissociation constants were measured by a nitro-
cellulose filter binding assay (Carey, J et al, Biochem 22,
2601). 50-ul reactions containing 50-100 femtomole (fmol)
of RNA internally labeled with **P and concentrations of
Nova-2 in 3-fold dilutions typically ranging from 0.2 nM to
493 nM were mixed in 1xBB (a buffer containing 50 mM
TrisOAc pH 7.7, 200 mM KOAc, 1 mM MgOAc, 1 mM
DTT, 0.2 mg/ml heparin) and were incubated at 10 min for
25° C., followed by filtering and washing. Dissociation
constants were determined graphically by plotting the frac-
tion of bound RNA versus the log of the protein concentra-
tion (Irvine, D. et al, J] Mol Biol 222: 739).

Results

An unbiased screen was performed to identify Nova RNA
targets in vivo. 340 Nova CLIP fragments were sequenced
(FIG. 3A), which had an average length of 71 nucleotides.
An annotated list of the CLIP fragments is shown in FIG.
3H, which have been assigned SEQ ID No. 1-335. The
largest set of CLIP fragments (121) were within long
introns; 99 (82%) of these were within the first 3 introns. 68
were found within introns shorter than 10 kb, and 18 (26%)
of these flanked alternative exons. 58 were within 3' UTRs
and 38 within exons, 2 of which were previously reported to
be alternatively spliced. The sequences of the Nova CLIP
fragments were compared with the known Nova binding
element, multimers of the YCAY tetramer. Tetramer fre-
quency analysis revealed that on average, each tag harbored
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4.2 YCAY tetramers, compared to an expected frequency of
1.1 YCAY tetramers in random sequences, and the observed
frequency of 1.1 and 1.7 in random genomic sequences and
CLIP fragments obtained with an unrelated RBP (FIGS. 3B
and 3G). Moreover, analysis of nucleotide frequencies
flanking all CA dimers present in Nova CLIP fragments
showed an overrepresentation of YCAY tetramers flanked by
pyrimidines (FIG. 3C), which was also evident in the 5 most
frequent hexamers, which were overrepresented 15-30
times; no such increase was evident in analysis of control
tags (FIG. 3D). Filter binding assays were performed using
purified Nova-2 protein and RNA transcribed from 4 differ-
ent Nova CLIP fragments (FIG. 3E, F). All four RNAs
bound Nova-2 with high affinity (FIG. 2E; 23 to 400
nanomolar [nM] affinity). Control tags of genomic sequence
immediately 5' to the CLIP fragments did not bind, nor did
CLIP fragments in which CA dinucleotides were mutated to
AA (not shown). Thus, Nova protein was selectively cross-
linked to high affinity RNA targets harboring Nova binding
sites. The CLIP fragments identified reflected the UCAUY
motif (SEQ ID NO. 469, in which “Y” may refer to
Cytosine, Uridine, Thymidine, or derivatives thereof)
repeated three times and YCAYC motifs observed in RNA
selection experiments performed with Nova, and with func-
tional studies demonstrating that Nova regulates alternative
splicing by binding clusters of at least three intronic UCAU
tetramers in target RNAs. Thus, CLIP fragments have been
verified using several stringent tests: sequence comparisons
with known Nova binding sites and demonstration of direct
RNA-protein interactions. Taken together, this data further
validates CLIP as a method of specifically purifying RNA
sequence fragments directly binding to a protein of interest.
Additionally, it delineates more than prior art the role of
sequence surrounding YCAY tetramers in affecting Nova
binding.

Example 4

Nova Regulates Alternative Splicing and Protein
Expression of Jnk2, Neogenin, and Gephyrin

Materials and Experimental Methods

RT-PCR Analysis.

PCR of mouse INK2 was performed at annealing tem-
perature of 60° C. and 26 cycles, with primers F, 5'-TGAT-
GACTCCCTATGTGGTAACTCG (SEQ ID No 497) and R,
5-TCTCTGGCTTGACTTTTTTIATTTTG (SEQ ID No
498), and PCR products were digested with Alul, which has
sites in exons 6b and 7, PCR of mouse neogenin was
performed at annealing temperature of 61° C. and 23 cycles,
with primers F, 5-ACACTGGCTGGAAGGAGGGG (SEQ
ID No 499) and R, 5-TGGGCTGTGGGAAGACTCTGG
(SEQ ID No 500). PCR of mouse gephyrin was performed
at annealing temperature of 61° C. and 23 cycles, with
primers F, 5-TGTGGAATAAGGGGGAAAACTCTG
(SEQ ID No 501) and R, 5-TCGTGGGAGCACCT-
GAACAC (SEQ ID No 502). Clontech first strand cDNAs
were used for analysis of splicing in mouse tissues.

Results

Nova-2~"~ mouse brain was used to validate candidate
RNAs by assessing utilization of alternatively spliced exons
present near Nova CLIP fragments. Of 18 RNAs assayed,
seven showed changes in alternative splicing in Nova-2-null
mouse brain ranging from 1.6-fold to 60-fold (FIG. 4A).
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JNK2 is a cytoplasmic signaling protein that translocates to
the nucleus to phosphorylate and activate several transcrip-
tion factors including ATF2 and c-Jun. The alternatively
spliced exons 6a and exon 6b encode isoforms that prefer-
entially bind ATF2 or c-Jun, respectively, and are preferen-
tially included in brain and non-neuronal tissues, respec-
tively. A Nova CLIP fragment was identified in JNK2
pre-mRNA, near exon 6b (FIG. 4A). RT-PCR analysis
revealed a net 6-fold change in exon utilization in Nova-2~'~
relative to Nova-2*"* cortex: a 3-fold decrease in utilization
of the exon 6a isoform, and a 2-fold increase in exon 6b in
JNK2 RNA (FIG. 4A).

Neogenin, a homologue of DCC (Deleted in Colorectal
Cancer), has been reported to bind netrin-1, although its role
in axon guidance has not yet been fully elucidated. Neogenin
is expressed in all adult mouse tissues, and has four alter-
native exons, one of which, exon 27, contains a Nova CLIP
fragment. Splicing of all four alternative exons was assayed
in RNA obtained from the cortex of Nova-2 null mice.
Alternative splicing of exon 27 was drastically altered
relative to wild-type brain, such that there was ~36 fold
increase in utilization of the exon 27 in RNA from Nova-2~"~
relative to Nova-2*"* cortex (FIG. 4B). In contrast, there was
no change in utilization of the other three alternatively
spliced neogenin exons in Nova2™~ relative to Nova-2*"*
cortex, consistent with previous observations that Nova
regulates splicing in only a subset of regulated exons.

Two Nova CLIP fragments were identified in gephyrin,
one in intron 7, near the alternatively spliced exon 9, and a
second in intron 14 (FIGS. 4C, 3H). In wild-type mouse
brain, gephyrin transcripts preferentially excluded exon 9
(96%). In Nova-2~'~ mouse brain, only 27% of gephyrin
transcripts excluded exon 9, and there was a compensatory
increase in exon 9 inclusion (73% vs. 4% in wild-type
cortex; FIG. 4C). Each of the seven gephyrin exons reported
to be alternatively spliced were examined and it was found
that only exon 9 was regulated by Nova (FIG. 4C). Thus, the
presence of Nova in neurons correlated with alternative exon
skipping in gephyrin and neogenin transcripts.

Changes in gephyrin protein isoform expression in Nova-
27~ cortex were also detected by Western blot (FIG. 4C),
and these were consistent in magnitude with the changes
seen gephyrin transcripts. Gephyrin exon 9 utilization in
different tissues was surveyed by RT-PCR analysis, which
revealed that gephyrin transcripts in non-neuronal tissues
include 22-fold (testis) to 115-fold (heart) more exon 9 than
brain (FIG. 4D), which is similar in scale to the 60-fold
change seen in Nova-2~"~ versus wild-type cortex (FIG. 4C).

Gephyrin RNA is a particularly interesting target for Nova
action. Gephyrin is essential for the correct localization of
GABA , v2 and GlyRa2 subunits to the inhibitory synapse,
and Nova regulates alternative splicing of transcripts encod-
ing both of those receptors. Like Nova, gephyrin has been
reported to be the target of a cancer-associated neurologic
disorder manifest by excess motor activity. Finally, Nova-
dependent regulation of a network of RNAs encoding pro-
teins that mediate neuronal inhibition correlates with the
defective motor inhibition in Nova™™ mice and in POMA
patients.

(These observations indicate that Nova acts as a critical
factor determining specificity of gephyrin alternative splic-
ing in neurons, an observation not previously made in vivo
with vertebrate splicing factors.

To summarize, the data in FIG. 4 demonstrate that Nova
regulates alternative splicing (6-60 fold effects) of several
RNAs identified by the CLIP method. Our results indicate
that Nova may the primary, if not sole, determinant of
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brain-specific alternative splicing of these, and perhaps
other, transcripts. These findings provide further evidence
that the locations of Nova CLIP fragments are able to predict
functional binding sites. In addition, these findings demon-
strate the ability of CLIP to identify previous unknown RNA
targets that are regulated by an RBP in vivo. In addition, the
data in FIG. 4 A demonstrate a unique role specifically for
Nova regulation of INK2 expression.

Example 5

Nova CLIP Fragments Fall within Several Known
Genes Involved in Synaptic Function, Signaling,
and Protein Synthesis

In addition to gephyrin RNA, a number of RNAs were
identified multiple times within the set of 340 Nova CLIP
tags, suggesting that these might be a particularly robust
subset of RNA targets. 77 CLIP tags (23%) mapped to only
34 transcripts, each of which contained 2 or more tags. 21 of
these 34 transcripts correspond to characterized genes (FIG.
5A); 15 (71%) of these encode proteins that function in the
synapse, which indicates that Nova may coordinately regu-
late a biologically coherent set of RNAs.

An intriguing subset of Nova target RNAs involved in
synaptic biology are those involved in neuronal inhibition
(FIG. 5B). These include the microtubule-associated protein
MAP1b, which anchors GABA_ receptors to the cytoskel-
eton and modulates their sensitivity; GABA, 2 receptor and
GIRK2, which mediate slow inhibitory postsynaptic poten-
tials; the K+ voltage-gated channel KCNQ3, which mediates
inhibition of repetitive action potentials; the nicotinic ace-
tylcholine receptors 2 and a2, which contain CLIP tags at
homologous positions in exon 5 and are together as a4f2
heteropentamers highly expressed on GABAergic interneu-
rons, thus influencing inhibitory activity; and the JINK
proteins (FIG. 4A), which are essential for neuronal micro-
tubule integrity by controlling phosphorylation of MAP1b
and MAP2, and for the regulation of GABA action in C.
elegans inhibitory motor neurons.

Example 6
Somatodendritic Nova

Simultaneous Detection with Gephyrin in the
Postsynaptic Cytoplasm

Materials and Experimental Methods

Nuclear/Cytoplasmic Fractionation Method.

Brain tissue was Dounce homogenized in cold 10 mM
2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic ~ acid
(HEPES) (pH 7.9), 10 mM NaCl, 1.5 mM MgCl12, 0.2%
Triton, 10 mM NaF, protease inhibitors (Roche), spun at
3000 times gravitational force (xG) for 3 min. Supernatant
was collected as cytoplasmic fraction, and pellet was resus-
pended in 20 mM HEPES (pH 7.9), 25% glycerol, 1.5 mM
MgCl12, 1.4 M KCl, 0.2 mM EDTA, 0.5% NP-40, 10 mM
NaF, protease inhibitors (Roche), 5% DNAse, incubated 5
min at 37° C., dialyzed against 1xPBS, pH 7.4, 1.5 mM
MgCl,, 0.5% NP-40, 10 mM NaF, and collected as nuclear
fraction. Both fractions were ultracentrifuged at 100000xG
for 30'.

Tissue Preparation.

Adult Sprague-Dawley rats (Janvier, France) were deeply

anaesthetized with pentobarbital (60 mg/kg body weight,
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i.p.), and intracardially perfused. For fluorescent immuno-
cytochemistry and in situ hybridization (ISH), animals were
perfused with 4% paraformaldehyde (PFA) in phosphate
buffer saline (PBS) (0.1M, pH 7.2). For electron microscopy
(EM), immunocytochemistry, and ISH, animals were per-
fused with 4% PFA and 0.1% glutaraldehyde in PBS. Spinal
cords were removed and postfixed in 4% PFA in PBS
overnight at 4° C. Spinal cord sections were cut on a
vibratome and collected in PBS.

Fluorescent Immunocytochemistry on Spinal Cord Sections.

Spinal cord 30 um sections were rinsed in 50 mM NH,CI
in PBS for 15 minutes (min) and permeabilized with 0.1%
Triton X-100, 0.1% bovine gelatin in PBS for 10 min.
Free-floating sections were incubated with primary antibod-
ies, in 0.1% Triton X-100, 0.1% bovine gelatin in PBS,
overnight, at 4° C.). The following day, sections were rinsed
three times in PBS (10 min each) and revealed by the
corresponding secondary antibodies in PBS, 2 hours at room
temperature (RT). After three washes in PBS (10 min each),
sections were mounted on slides with Vectashield (Vector
Lab.).

Fluorescent Non-Radioactive In Situ Hybridization and
Immunocytochemistry on Spinal Cord Sections.

Fluorescent in situ hybridization (FISH) was as previ-
ously described. Digoxigenin labeled probes and Nova
proteins were labeled at the same time (in 100 mM Tris-HCl
pH 7.5, 150 mM NaCl, 2% Bovine Serum Albumin (BSA),
0.3% Triton X-100, overnight, 4° C.). The anti-digoxigenin
and anti-Nova-1 primary antibodies were detected by incu-
bating sections with the appropriate secondary antibodies (in
PBS, 2 hs at room temperature). Each incubation was
followed by three washes in PBS (10 min each). Finally,
sections were mounted on slides with Vectashield (Vector
Lab.)

Image Acquisition.

Sections processed for fluorescent immunocytochemistry
and ISH were observed with an epifluorescent Zeiss micro-
scope, or a Leica confocal laser scanning microscope. For
confocal images, background noise was reduced by applying
a Gaussian filter to the optical sections.

Electron Microscopic Immunocytochemistry.

100 pm thick vibratome sections were cryoprotected in
20% glycerol-20% sucrose in PBS, and permeabilized by
freezing and thawing. Sections were collected in PBS, rinsed
in 50 mM NH,CI in PBS for 15 min, and 0.1% bovine
gelatin in PBS for 10 min. The free-floating sections were
incubated with the primary antibodies (in 0.1% bovine
gelatin in PBS, overnight, at 4° C.). The following day,
sections were rinsed three times in PBS (10 min each) and
incubated with the secondary antibodies (in PBS-1% BSA
for biotinylated antibodies, 2 hr at RT; or PBS-0.2% fish
gelatin for gold antibodies, overnight at 4° C.). Biotinylated
antibodies were revealed with the ABC Elite kit (Vector
Lab) in PBS, for 1 hour at RT, and the peroxidase reaction
was carried out in the presence of DAB and hydrogen
peroxide (Sigma Fast, Sigma). Nanogold-coupled antibodies
were amplified as described.

Electron Microscopic Pre-Embedding Non-Radioactive
In Situ Hybridization and immunocytochemistry.

50 um sections were cryoprotected and permeabilized as
for EM immunocytochemistry. Prehybridization and hybrid-
ization were as described above for fluorescent ISH. After
the stringency washes, sections were rinsed in PBS and
incubated in the primary antibody (1% BSA in PBS, over-
night, at 4° C.). After three PBS rinses (10 min each),
digoxigenin molecules and the primary antibody were
detected by gold- and HRP-coupled antibodies, respectively
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(in 0.8% BSA, 0.2% Fish Gelatin in PBS, overnight, 4° C.).
After three PBS rinses (10 min each) sections were incu-
bated in 4% PFA in PBS (10 min), rinsed three times in PBS
(10 min each) and several times in cold distillated water.
Gold-coupled sheep anti-digoxigenin secondary antibodies
were detected by a silver enhancement-gold toning protocol
as described before. After three PBS rinses (10 min each),
biotinylated antibodies were detected by peroxidase-DAB
reaction as in classical immunocytochemical methods.

The sections processed for immunocytochemistry and
ISH were dehydrated, osmicated and flat embedded in
araldite (Fluka) resin. Ultrathin sections were prepared,
mounted in copper grids and contrasted with uranyl acetate
and lead citrate before examination under a Jeol CXII
transmission electron microscope at 80 kilovolts (Kv).

Results

Seven of the 34 transcripts with multiple Nova CLIP
fragments harbor one or more fragments within 3' the UTR
(FIG. 3A), and two of these seven, MAP1B and KCNQ3,
encode proteins that function in neuronal inhibition (FIG.
5B), indicating that part of Nova’s role in regulating alter-
nate splicing may be manifest in the dendrite or the inhibi-
tory synapse. Fractionation of mouse brain into nuclear and
cytoplasmic fractions revealed that two thirds of total Nova
protein is present outside of the nucleus, although when
normalized to protein mass, the highest concentration of
Nova protein is in the nucleus (FIG. 6A). Immunofluores-
cence of rat spinal cord sections confirmed an abundance of
Nova immunoreactivity outside of the nucleus in mouse
motor neurons, including punctate reactivity in neuronal
processes (FIG. 6C; see also FIG. 7A). To assess whether
this reactivity corresponds to the localization of inhibitory
synapses, we examined whether Nova and gephyrin reac-
tivity co-localize, with gephyrin serving as a marker for
localization to inhibitory synapses. Both immunofluores-
cence and electron microscopic evaluation demonstrate that
Nova protein is present in the inhibitory synapse, in the
vicinity of gephyrin protein (FIG. 6B-D). These data suggest
a model in which Nova may regulate mRNAs within the
dendrite, either by affecting their localization, translation, or
half-life.

Example 7

Colocalization of Nova Protein and GlyRa2
mRNA in Motor Neurons

To examine the role of Nova in the regulation of RNA
within the dendrite, Nova protein and GlyRa2 mRNA
co-localization in mouse spinal cord motor neurons was
determined by fluorescent and electron microscopy, and
revealed that Nova protein co-localizes with GlyRa2
mRNA in the dendrite (FIG. 7A-F). Interestingly, both Nova
protein and GlyRa2 mRNA were associated with membra-
nous bodies suggestive of endoplasmic reticulum (FIG.
7C-F). Taken together, the data from Examples 6-7 show
that at least a subset of Nova localizes to the inhibitory
synapse. This suggests that Nova may coordinately regulate
RNA information processed in the nucleus with RNA
expression locally in the synapse. Since a hallmark feature
of Nova antisera from POMA patients is that they abrogate
RNA-protein interactions in vitro, these results suggest that
disruption of such interactions, perhaps within the dendrite,
may contribute to disease pathogenesis. Furthermore, the
finding that Nova, gephyrin, and at least one regulated
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spliced mRNA, GlyRa2, localize to the inhibitory synapse
further validates the CLIP method as a means of identifying
RNA sequences that interact with a protein of interest.

5 Example 8

CLIP Method Using Antisera to Neuronal Hu
Proteins Enabled the Isolation and Identification of
Sequence Fragments Binding to Neuronal Hu

10 Proteins
Materials and Experimental Methods
s All experimental procedures were conducted as in

Example 3, with the exception that antiserum against neu-
ronal Hu proteins was utilized in place of anti-Nova serum.
Sequences were aligned with the aid of the clustalw software
package.

20
Results

115 RNA fragments binding to Neuronal Hu proteins
were sequenced and assigned SEQ ID No. 336-449 (FIG.
8A). As was the case with CLIP using anti-Nova-1 antisera,
some of the RNA fragments corresponded to previously
known proteins. Some of the fragments were located in
introns of the genes (35%), others were in the 3' and 5'
untranslated regions (45%), and in others (20%), the loca-
tion could not be determined because the gene had not been
identified. Obtained sequences were aligned using the clust-
alw website (FIG. 8B). A consensus sequence of the frag-
ments was then determined, as depicted at the top.
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35 Example 9
Generation and Characterization of Nova-2
Knockout Mice
40 Materials and Experimental Methods

Generation of Nova-2~'~ Mice.

A Nova-2 lambda clone was isolated from an SV-129
mouse genomic library. To prepare a targeting construct, a
left arm was generated by cloning a Xbal and HindIII
genomic fragment. This fragment was cut with Xhol in the
center and digested with Exolll to remove the endogenous
Methionine. This construct removed 45 nt of sequence
upstream of the initiator methionine. This fragment was then
digested with Xbal to remove remaining 3' DNA, ends were
blunt ended with Klenow fragment, and the fragment was
ligated to create the short arm (pAl.1). pAl.1 was cut with
BamHI and Sacl (in the multiple cloning site) and ligated to
Sacl/BamHI adapters harboring a Pad site. The right arm
was generated from a 6.0 kb Sacl fragment, in which an
internal PaCl site was ablated by Klenow fragment treat-
ment and re-ligation. This Sacl (APacl) fragment was
inserted into the pAl.1 Sacl adaptor. The Pad site was then
used to insert an IRES-Cre-Flip-Neo-Flip cassette. This
targeting vector was electroporated into ES cells, G418
resistant clones selected, and clones screened by Southern
blot using a HindIII-BamHI 950 bp genomic fragment
located immediately upstream of the left arm. Chimeric
animals were bred to C57Bl/6 mice and agouti offspring
genotyped and then bred to a transgenic mouse expressing
Flip-recombinase to remove the Neo cassette. Heterozygous
lines were outbred to C57B1/6, CD1 and FVB strains.
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Results

The function of Nova-2 protein was explored by gener-
ating Nova-2 null mice. While the neurologic disorder
POMA is characterized by dysfunction of inhibition of
motor systems, in up to 58% of patients progressive multi-
focal neurologic deficits develop, including encephalopathy
and dementia with cerebral atrophy. Since POMA antisera
are reactive against all CNS neurons, and Nova-2 is largely
or exclusively expressed in neocortex and hippocampal
neurons, it seems possible that immune targeting against
Nova-2 may lead to disease in some POMA patients.

To generate Nova-2~'~ mice, a targeting vector was con-
structed, consisting of genomic SV129 DNA fragments of
1.1 kB and 6 kB flanking a ~1.5 kB DNA fragment harbor-
ing the first known transcribed Nova-2 exon. An IRES-Cre
FLIP-Neo-FLIP cassette was inserted into these arms such
that it would be inserted into the first Nova-2 exon upstream
of'the ATG encoding the putative initiator methionine. (FIG.
9A). Following electroporation into ES cells and selection
with G418, clones harboring homologous recombinants
were screened by Southern blot (FIG. 9B) and injected into
blastocysts. Following breeding of chimeric mice into the
germ line, mice were bred with CMV-Flp recombinase
transgenic mice to remove the neomycin cassette, generating
mice heterozygous for a null Nova-2 allele.

To confirm that these mice did not express Nova-2 pro-
tein, Western blots using extracts from several brain areas of
Nova-2~"", Nova-2*~, or WT littermates were probed with
POMA antisera. In each, case, Nova-2*"~ or Nova-2~'~ brain
showed reduced or absent expression, respectively, of
Nova-2 protein isoforms. Interestingly, these included both
the single 55 kD Nova-2 protein species previously
described, and a series of previously described but poorly
understood protein isoforms of higher apparent molecular
weight (approximately 70 kD) recognized by POMA anti-
sera (FIG. 9C). These observations confirm that the Nova-2
targeting allele eliminated expression of any intact Nova-2
protein isoforms recognized by POMA antisera, and further
implicate the higher MW POMA reactive proteins as prod-
ucts of the Nova-2 locus.

Nova-2~"~ mice were phenotypically indistinguishable
from their WT littermates at birth. Within the first postnatal
week, however, these mice typically grew less than their WT
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littermates (FIG. 9D), a finding also seen in Nova-1~"" mice.
By 1-2 weeks postnatal, the mice were less active, and by
2-3 weeks half of the Nova-2~"~ mice died (FIG. 9E). The
knockout mice also had abnormally high circulating levels
of IGF-1 and abnormally low levels of serum glucose (data
not shown).

Example 10

Alternate Splicing Defects in Nova-2 Knockout
Mice

Nova-1"" mice show specific defect in inclusion of
GABA , y2L and GlyRa2E3A exons in the spinal cord and
hindbrain. To evaluate whether Nova-2 may mediate similar
functions in mouse brain, alternative splicing of these exons
in Nova-2""" neocortex was analyzed. Inclusion of y2L exon
of GABA , Nova-2~'~ was significantly reduced in neocortex
of the knockout mice, and this effect was dose-dependent in
the GABA , pre-mRNA, as seen in Nova-1~" mice (FIG.
10A). This effect was specific, as shown by the finding that
no changes in splicing of alternatively spliced neuronal
exons in the proteins src, ced-3 homologue (ICH-1), or
Nova-1 were evident in Nova-2~"~ neocortex (FIG. 10B). In
addition, while all regions of the brain showed differences in
alternative splicing, the differences were most prominent in
the neocortex, an area known to express high levels of
Nova-2 protein and little or no Nova-1 protein (data not
shown).

Since a defect in GlyRa2E3A exon inclusion is present in
Nova-1~"~ mouse hindbrain, but not neocortex, splicing of
this transcript was assayed in Nova-2~'" mice. A significant
deficiency in inclusion of exon E3A in neocortex of the
Nova-2~"~ mice was observed, of a similar magnitude to that
seen in Nova-1~'~ hindbrain (FIG. 10B). This effect was not
evident in spinal cord, and there was not a significant effect
in cerebellum; this relative specificity for neocortex was thus
the reciprocal of the splicing defect seen in Nova-1~"" mice,
which was specific to the spinal cord, and absent in cortex
(data not shown). Taken together, these results are consistent
with the pattern of Nova-1 and Nova-2 expression, and
suggest that either protein is able to regulate alternative
splicing in a similar manner, but in a different range of
neuronal cell types.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 522
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 70

TYPE: DNA

ORGANISM: Mus musculus

<400> SEQUENCE: 1

catccatctt gactcattge tgtcactgca gaaggactaa gtagcaaaac actgctccaa

ggtectttgge

<210> SEQ ID NO 2

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

aaacaacatyg tccecctgcaa cataatccat gttcettectg tcattccace atccctgace
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-continued
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ccaccececte cac

<210> SEQ ID NO 3

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

catttcaaat gttttcccce ttctaggett cccctectgea aaccccttaa gccatcctcet
cecececectget tcetatg

<210> SEQ ID NO 4

<211> LENGTH: 93

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

atgttttagt tttcacaatt actttcgcca tcatttgett tttactgaca aaatgtctgt
ccatccttet cattgtctece cccatccteca gtt

<210> SEQ ID NO 5

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 5

agcaccaggg agcaaatgcc agctgattgt tgttcctgec cagettgetg gectagetttg
atacattcct ca

<210> SEQ ID NO 6

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 6

agcaccaggg agcaaatgcc agctgattgt tgttcctgec cagettgetg getagett
<210> SEQ ID NO 7

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 7

ggtgggaaag tacctcatgt tcaccatggt gctagtcacc ttctccatceg tcactagegt
gtg

<210> SEQ ID NO 8

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 8

acaccatcaa cctcatcate cectgegtac tcatcaccte getggecate ctggtettet

acctgee

<210> SEQ ID NO 9

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
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<400> SEQUENCE: 9

aaacccttct geccaggtgac cacacgcage ttccctgcece gectecttcat cacctteceg
<210> SEQ ID NO 10

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 10

aaagtgcttc atttctcctg cccacccttg caggtaggge cagtcactct tccattgett
ctttgetgt

<210> SEQ ID NO 11

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 11

actgtcccte cccatctact cactgtctte cccatctact cactgtcctce cccatctact
cactgtcctce tcatctactce actgtcctece catct

<210> SEQ ID NO 12

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 12

actcactgtc cctccccate tactcactgt ccctcecccat ctactcactyg tcctcccatce
tactcactgt cctccccate t

<210> SEQ ID NO 13

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 13

ccatcagttc tctctgtget ccatcagtcce tctcectgtget ccatcagtcece tcectgtgetcece
atcagttcte tct

<210> SEQ ID NO 14

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 14

ctccatcagt cctctetgtg cteccatcagt cctcectetgtg ctcecatcagt ctetetgtge
tceccttagte cte

<210> SEQ ID NO 15

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 15

tcacctgtce atcacccagt catgcatgca tgcacgecatg cacacacatt caacccaccce

actcatccac ct

<210> SEQ ID NO 16
<211> LENGTH: 66
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 16

tgttectgete atttcattge cattgctatg ggatcacttt atcattgccc catgatggca
tcatgg

<210> SEQ ID NO 17

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 17

gccacaggte acttggettt tctctctecca tggggaattt tectctecte ccttgtatcet
gtcteccttte cte

<210> SEQ ID NO 18

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 18

acgtctccac ctcaccctca ttactaactt ctacctgtgt ggtgccccag gaactgetct
tgtgca

<210> SEQ ID NO 19

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 19

atgacgcagg tgccacagct cctgtcacct cccteggege cagcatatgce gcaggaagag
cac

<210> SEQ ID NO 20

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 20

actccatcct tcactectete cctectecaca ategetecte ctegetcteca gectggecee

ccageectee te

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 21

LENGTH: 49

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 21

aactccatce ttetetetece ctectcacaa tegetectece tegetette

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 22

LENGTH: 72

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 22

getcatcteg aggaccatga tgaagaacat cctgggccac gecgtctacce agetcaccct

catcttcacc ct
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-continued

78

<210> SEQ ID NO 23

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 23

agagtaccgg gatgtctctg ttacctggta gaggttcceg atgtcattca tctgtetgte
tctgcatcag ctgacca

<210> SEQ ID NO 24

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 24

gtcattcatc tgtctgtcte tgcatcaget gaccatcttce cagtggtacc tctccteccc
tgctcaccce tcac

<210> SEQ ID NO 25

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 25

ccaccggtcec agctcctgac ccegectcate tgagctccee agccagecct cacttgecct
<210> SEQ ID NO 26

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 26

cctteacccet cactgccacce ggtccagete ctgacccgec tcatctgage tccccagceca
gccctcact

<210> SEQ ID NO 27

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 27

acaaatccag ccccctttet cctggetcee tgctcetggec ctgeccccaga gectgtgaccce
ttgtcctttg acccagccte tcatttccat ctcete

<210> SEQ ID NO 28

<211> LENGTH: 148

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 28

tcatttacca tttcatccat ctatccattc acctatctac tatccactca tgtatccatc

catctaccca ttcattcate cactegteca cccacttate cattcatcca cccacccact

cattattcac ccctacccat ccatccac

<210> SEQ ID NO 29

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 29
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-continued

80

cctggtecca tgctgecagac acacatggga ctttecttec ctetectget ce

<210> SEQ ID NO 30

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 30

gatgagcaac actcaccatc tttegtttga gtctcacgac tgtgagatca acccatgcac
cgectetgaga

<210> SEQ ID NO 31

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 31

tccatgatga gcaacactca ccatcttteg tttgagtctce acgactgtga gatcaaccca
tgcaccgcte tga

<210> SEQ ID NO 32

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 32

cttgtcccca cacctctacce cacggtcatce tgccacctcee accatctatce teg

<210> SEQ ID NO 33

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 33

ctggettgte cteccccagtt ccttectgtt catccttege acaactctga ctgcccacag
cccatgctcece atggtggcta agtcccatgg tgccagatge tgacc

<210> SEQ ID NO 34

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 34

caggtttagg cctgactgtc tgtctgtcca tctacccatt tgtcctcaat tcaccatcct
tccatccate atcte

<210> SEQ ID NO 35

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 35

agctcaccat cctcecaget caccatccte ccagetcace atccteccag ctcaccatcece

tcccagetca ccat

<210> SEQ ID NO 36

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
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-continued

82

<400> SEQUENCE: 36

acatctggat cctcctcaca cccacatctg catgctccte acacccacat ctgcatgetce
ctcacaccca ca

<210> SEQ ID NO 37

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 37

aattcctecat cctcattget tectectecac acctacatet geate

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 38

LENGTH: 84

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 38

aattccacac tcctgtecat tccagggagt gaccactatce aggaatctac ctccatttece

tataggcact ttacctggat tttc

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 39

LENGTH: 66

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 39

aggccacatt cattgcatat actttcagca gaagctgaaa ccacaggtga actcgcaatg
ceceggt

<210> SEQ ID NO 40

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 40

gtggcaagga tatatatgtc tgtgcctgtg cacatgcatt tgtgtgtgtg tgtgtgtgtg
tgtgtgtgtg tgt

<210> SEQ ID NO 41

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 41

tccatgacca tttcattecce tettectaagt gaggetcaag catttttget tgtaccctece

ttectg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 42

LENGTH: 46

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 42

tcattcattc attcattcat tcattcattc attcatcttt ttctgt

<210>
<211>
<212>
<213>

SEQ ID NO 43

LENGTH: 72

TYPE: DNA

ORGANISM: Mus musculus
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-continued
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<400> SEQUENCE: 43

aacctcatgg tccaccatcce acccatccat cagttcaccce atccatccat tcacctaagce
acccaccatc aa

<210> SEQ ID NO 44

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 44

acctectcac cctctcacct cctcacccac tcacccccte acccactcac cc

<210> SEQ ID NO 45

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 45

ccagttcaac cacaggtccc cagcttccat ccattggttg ggtgctagta tctgecatctg
actctttcag ct

<210> SEQ ID NO 46

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 46

ccaaccacaa atgccagcac ctcttaataa caatcagcat gacctctgcec taagtcttgg
cttcttecte agaa

<210> SEQ ID NO 47

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 47

tgacccttgg cacaatgcca gctctggctg gacacaagga cacacgcatc tcctccatte
ctgctgctce attg

<210> SEQ ID NO 48

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 48

actcagagca gggggaagaa acacaccctc aactctgett cccegtgctce catcttecett
tctgecttee a

<210> SEQ ID NO 49

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 49

gectgtgtte agecctcetceca ceccatgett atctggacat tgaagettgyg aaagecagtg

gtgactte

<210> SEQ ID NO 50
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<211>
<212>

LENGTH: 69
TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 50

tgtgttcage cctctecacce catgettate tggacattga agettggaaa gccagtggtg

acttcaact

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 51

LENGTH: 76

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 51

tccacccate catctggeta tcecatctage catctgtcag tcaatccate catccatcca

tccatccatt catcca

<210>
<211>
<212>
<213>

SEQ ID NO 52

LENGTH: 48

TYPE: DNA

ORGANISM: Mus musculus

<400> SEQUENCE: 52

agccatctgt cagtcaatcc atccatccat ccatccatte atccatcc

<210> SEQ ID NO 53

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 53

agccatctgt cagtcaatcc atccatccat ccatccatte atccatccat ccatgcat
<210> SEQ ID NO 54

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 54

ccatctcagt caatccatcc atccatccat ccattcatcc atccatccat gcatacacac
attgggcctc catcacttga cctggtgcet

<210> SEQ ID NO 55

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 55

tcatgaagca aggcccccat tcacagecte ctectectece tectaggtca cggcetcetgag

cacgtcccag ctggacccct atcacc
<210> SEQ ID NO 56

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 56

ggctteccac accccacace ctectectgt gatccaggag ggccagatte ccagagtgec

ctggggetgg cectteccac

60

69

60

76

48

58

60

89

60

86

60

80



US 9,447,454 B2
87
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88

<210> SEQ ID NO 57

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 57

gcggagetge ctccccagge ttcacactge ctggtgcatg gtccctcatg agettggect
tc

<210> SEQ ID NO 58

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 58

ggattctcac ctttcccecct gtatgttcta taccttctet tettetttece tetctetceat
cctetectte ccett

<210> SEQ ID NO 59

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 59

gaatagaggc atcaagtcac gatgttgtca gtgggaagca gctaggtctyg ccctgagggt

ggtttccage tttg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 60

LENGTH: 69

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 60

aagtggcaga ttcacgtccee agggttcaga ggtggcaaac ttctcagtgg cagetgtget

cggtcatge

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 61

LENGTH: 56

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 61

agatttcgag ttactgcaaa attgcctace ccegttecate tetgetgaac attegg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 62

LENGTH: 124

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 62

tacatagtca ggggagggcce cctgtcaacg tgeccacaag gttectttat cctttgtceat

tacgtcattyg tccaaggtga caggaggaac tcagtcgtta aaatgacgag ccttatttte

atga

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 63

LENGTH: 75

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 63
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90

cctecectcecat cctcectcat cctectcate tacagcagat ccccatccte cteotectgeg
gcagtgtcct cceeg

<210> SEQ ID NO 64

<211> LENGTH: 152

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 64

tccctecatcee tecectcatce tcecccatcet ccctcatcet ccccatccte ccteatecte
cctcatccte cctcatccte cccatcctee ctcatcctee ctcatcctece cteatcctece
ccatcctece tcatcctcce catcctecct ca

<210> SEQ ID NO 65

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 65

accaagtgga aatcaggaga ggcagaggca ttatctcgac atctcegtgg gttcactttt
caatttgtcc atcattgcca tcatcattgt t

<210> SEQ ID NO 66

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 66

tcctcactgt gtgtcaatca ggcactggaa gaatctgcca cggettttcet ctetgectge
cctgeteect ctcac

<210> SEQ ID NO 67

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 67

caaagctctg cagagatgcce ttcatccccect ccatccatca cagcacaatt gcactggtgt
ggactcc

<210> SEQ ID NO 68

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 68

gcaagacatg gctgccatca catccctcac cactgtcatg ataatcatcce attcttatec

ctgcttggac acca

<210> SEQ ID NO 69

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 69

agtgtctgea tttggtgget gattacggga tggatcectg ggtgtggttyg tcetcetgeatg

gtccatcett atcagtt
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<210> SEQ ID NO 70

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 70

atcagcagtt ccgtttacag ctcactccat gttcacactt tctggectgtg tgttg
<210> SEQ ID NO 71

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 71

ccaccctgag ccctggetac tcetctcectect tccccocteee tectetetee atgtgttecce
tgctagcctt ttectgtet

<210> SEQ ID NO 72

<211> LENGTH: 156

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 72

gtgctcacac tgtactcacg ctcacgctct gtgctcacgce tcatgctectg tgctcacatt
gtactcacge tcacgctcat gectctgtget cacgctctge tcectgtgcetca cgetcetgtge
tcacacttac ttatttggtc agttagtgca ctcacc

<210> SEQ ID NO 73

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 73

cacgctetgt getcacacte tgtactcacg ctetgetetg tgctcacact gtactcacge

tcacgetet

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 74

LENGTH: 64

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 74

tttcagaccg tcectcacct teectgetca gecccattge tgttecteca tcactgtceta

caac

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 75

LENGTH: 59

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 75

agctcccate atgccagece caccctcace tccatctcete cattcectect getcaccect

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 76

LENGTH: 78

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 76

ccacgagtgg ggtcaggcat gtgggtttaa agagttttec tttgcagage ctcatttcat
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ccttecatgga getgetca

<210> SEQ ID NO 77

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 77

tggggtcagg catgtgggtt taaagagttt tcctttgcag agcctcattt catccttcat
ggagctgete aggactt

<210> SEQ ID NO 78

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 78

agtgatttct ctgccacatc gccaccatgg gcectttggec taatca

<210> SEQ ID NO 79

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 79

tcacacagtc cccaagcagg tccagegtgg catcaccceg acgaccagca acgtctcatce
ttctggaage a

<210> SEQ ID NO 80

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 80

acgcacatca ctgttgtgat gcagtgagct gctcctttece tttatctgec tctegtttece
agtcatccc

<210> SEQ ID NO 81

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 81

tcccatgcat tccatcatct ccatcttctg ccatgacttg cttttaattt tatccttttt
ttgtctcaac ttgac

<210> SEQ ID NO 82

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 82

accagtccta gcccegtcece caaccecttt cccttgggga gttgggggaa ttcoctgecaa
<210> SEQ ID NO 83

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 83

tccatccate catcatccac ccatccatct atccatccat cctceccatce atccatccat
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-continued

96

ccatcce

<210> SEQ ID NO 84

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 84

aagtctgtct aaacaccaga tcgcatttgt gactcattag catttctcat cccaccaacg
cctgecttte ccactcactt tccce

<210> SEQ ID NO 85

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 85

aaccaaccac ctgttcttcect ttctcectcect gtcccacate atcgtcatgg aaagecttgce
ctggttcatc ctctegtact teggcactgg ctgga

<210> SEQ ID NO 8¢

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 86

ctgacctctg gtcttcacat gtgtgggcaa gtacagetge acacatgcegt acccctctcet
cecteatcee ca

<210> SEQ ID NO 87

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 87

tcaatgtaca ccaccgctca ccacgcacac acaccatgec cgcctgggtyg cgcagagtcet
tecctggacat tgtgcccegt ¢

<210> SEQ ID NO 88

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 88

gcacctectt cctettcate acatctcact tcacctetgg agatgggaag gtagcagagce

ggctactgg

<210> SEQ ID NO 89

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 89

actgtagcac tgtgagcttg tatgtgtaac cgtecetgtgg tgtccagaag tcactgtett

gttgcattcg tct

<210> SEQ ID NO 90

<211> LENGTH: 80
<212> TYPE: DNA
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<213> ORGANISM: Mus musculus

<400> SEQUENCE: 90

cacctctcat ccecgetgete tccctcacat catcaaactg taagtccacce tctcatccecg
ctgctctecce tcacatcatc

<210> SEQ ID NO 91

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 91

gatcaccgce atcactgtta tcagcaccgt tatcaccacc atcactgtta tcagcaccgt
gatcaccacc

<210> SEQ ID NO 92

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 92

tactactcat cttgcagatg tctacccatc tgtccctect cacctgettce cgctcaggtg
ggtccattca tgcacatact catccattta tcatccactc at

<210> SEQ ID NO 93

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 93

gccagtggcet gaggacatga cagtccactt cacctccaca cttatggctc tgatccggac
agctctggac

<210> SEQ ID NO 94

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 94

tctccaagec tcagtttcte caggccacct cctgtcccte caccccttgt ttggttgaac
<210> SEQ ID NO 95

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 95

gattttattc ctctectecca gtccacccte caactgttece acatcccata cctectecct

acgccatgtt ttcatgagga tgtccttcece ctccacccac tccac
<210> SEQ ID NO 96

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 96

getatggeca cacggtgcce ctgtcagatyg ggggcaaage ctetgcatca tctactetgt

C
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100

<210> SEQ ID NO 97

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 97

ccatcctttt tttctcatta gacacccegtt ttgcegtttte ccaaatcata taccttatac
tccaccattc ccatteccttg cteccce

<210> SEQ ID NO 98

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 98

atctttgecct cctcactcat caaaactcat ctgtagcatg gctttcatcce atagattctce
aggggaatca cttaacatcc atagtctca

<210> SEQ ID NO 99

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 99

atcttcatge ccgttagtca tegtttgect ageatgtcece tgtggegtcet caaaaacagt

ttcatcegtece cgte

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 100

LENGTH: 69

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 100

caactgcage ccteggetee ttecttecca cctecgacac atctectete ttetegeate

cctecteag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 101

LENGTH: 64

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 101

ctgcagaget cactgecatte accectecte atectttget tecttecect tgectagtca

gtag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 102

LENGTH: 79

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 102

ggcttgetet caatgtctet cectttetga gtgaaagtat cccacggcag tcccatctea

cttectgtee tgctaagge

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 103

LENGTH: 61

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 103
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102

gatgtctact tcattgccac cctgtcattc ctectggaagg tgtccgtcat caccttggtce
a

<210> SEQ ID NO 104

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 104

cecctacccca gggaccatgg ttcctaggat ctcactgect ccctetetgg ccttectgte
cectecc

<210> SEQ ID NO 105

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 105

aggtgcagag ctcggaaggg ggctaggcag tcctcatcegt cacaccagta gtgectcatce
ctcatcccaa tggt

<210> SEQ ID NO 106

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 106

gatgcaccac cttcacgcag tgctcagcca tcctgatget tcetgctacat cgtaggecac
tgtcattg

<210> SEQ ID NO 107

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 107

acccacctca ctgaatctga tggacactgt acagtcgcag tctectttgtg cagaattggce
agcgatgcect gtgett

<210> SEQ ID NO 108

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 108

ttacagattt ctttgttcct tctccgectec cactgcttca cttgaccage ct

<210> SEQ ID NO 109

<211> LENGTH: 67

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 109

tgactgggaa cccatgtgat caggcacaga ctttectcat ctttctacca accactccaa
gtcagte

<210> SEQ ID NO 110

<211> LENGTH: 75

<212> TYPE: DNA
<213> ORGANISM: Mus musculus
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104

<400> SEQUENCE: 110

caagcgaacc caggtcaact catcacaggt caccggetgg gtcttggggt cgctggcaca
gctgatggee tgcett

<210> SEQ ID NO 111

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 111

atcatccagg ctcctgttce tgtctgtact cacccccaat ttgcctaaac ccccccccce
aaat

<210> SEQ ID NO 112

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 112

tagacctgge tteggtttcect acctccccag tgctgtcatg ttcatgtttg tttt
<210> SEQ ID NO 113

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 113

tccatttgtyg catcagacce attacccacg geecttetea cecettgete atcagcatca

cttgatgtece ctt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 114

LENGTH: 60

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 114

cttetgtece tecatetgeg tetggeccee cectetgeeg ctgctatcat caccagaaat

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 115

LENGTH: 62

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 115

ggacggagtc agcggatget ctgtacacct ctggetcate tgtttetect cattteteec

ac

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 116

LENGTH: 69

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 116

agcatatctyg gctgtetgte ccttcaccca tgcacccaga cctcacatgt gtgccagect

tcatcectgt

<210>
<211>
<212>

SEQ ID NO 117
LENGTH: 84
TYPE: DNA
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106

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 117

atgcagctgc ctacatccaa acacagtttg aaagcaaaaa ccgctcaccc aacaaagaaa
tttactgtca catgacttgt gcca

<210> SEQ ID NO 118

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 118

agactgggtt acatggaagc tgggctctcce tccatctcee tcccteccee tetettecce
tgtctgaaac a

<210> SEQ ID NO 119

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 119

aaggtgtgtc atcacatgca gcactcatge ttctgtctec agtgatgccce gtceggetga
agt

<210> SEQ ID NO 120

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 120

cagcagtgcc ccggctctca cacgcacage actccccgec ctgecccacce tctcettagaa
c

<210> SEQ ID NO 121

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 121

taaatatatt attctcattt agtgcccctg tagccagaac ctcattactg cttcattttt
gtaataacat ttaatttaga tattttccat atattggccc tgcta

<210> SEQ ID NO 122

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 122

tcctetteca ttcacgagaa cgacaggatt cgattccagg cetttectta gttcetettag

aaccctcatce tctctcta

<210> SEQ ID NO 123

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 123

aaagcgtetyg tgtttattag ccttgtgtgt cactcatg
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<210> SEQ ID NO 124

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 124

ttcaccattt cacatgtttg tacttctttg tcttcccatt aacctttgec agtgttatga
ttgtatacat ttttaaaaat gctggtta

<210> SEQ ID NO 125

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 125

tcagcatcca gectgettgnt gtgtgttagt tgtctcacag ctgagggctce tgcctegget
acttcaggct ¢

<210> SEQ ID NO 126

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 126

cattccacga cacagttctg actctceggg tgactgtcac ctgctcccat cctettette
ctceccteect tectcea

<210> SEQ ID NO 127

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 127

tgggatacct gcecgtgcetgt acacattcat caaactgttt gcccagagga aggaaggggt
gagcaggtca

<210> SEQ ID NO 128

<211> LENGTH: 106

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 128

aactctgagg ccatggccca tccacagcct cctggtccee tgcactaccce agtgtctcac
tggctgtgtt ggaaacggag ttgcataagc tcaccgtcca caagca

<210> SEQ ID NO 129

<211> LENGTH: 66

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 129

actgagacce cggegttgag ctgecattgt ggcatcatgt cacatcatat tgtcatcttt
tcacca

<210> SEQ ID NO 130

<211> LENGTH: 68
<212> TYPE: DNA

60

88

60

71

60

76

60

70

60

106

60

66



US 9,447,454 B2
109

110

-continued
<213> ORGANISM: Mus musculus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: n is a, ¢, g, t or u
<400> SEQUENCE: 130

actcacagaa ttcecgnetge ttetgectee ggtcccattt ctgggatega cgtgtgetac

tacgecctyg

<210> SEQ ID NO 131

<211> LENGTH: 97

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (64)..(64)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<400> SEQUENCE: 131

tctgtgteca tttgeccatg tetgtetgte tgetgetgag geagtcatce atctegtgte

ccentetgtyg tegtgetage acttaagtgg gaacaaa

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 132

LENGTH: 79

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 132

gtgtctgtge acatcattga gggtgaccac cgcacactgce tggagggcag tggcctggaa
tccatcatca acatcatcc

<210> SEQ ID NO 133

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 133

tcagcataca cagagacacg caacatccag tgcaagctgg atttcccacc aggttctcta
gccacaactc ctgaaac

<210> SEQ ID NO 1234

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 134

tggggctgee cctgeegtag cccagctcaa ccctecageeg getgecagga tttettecte

agtctcacct cacce

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 135

LENGTH: 150

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 135

ccegaggcac tgagcaccca cagcacctece ctgeceggtt gttgecccte

cctecatggea

tgtctcacca cgatcctgtt getacatcag agtgtatttt tgtaatttcet ccagctaaca

ttttaatgge cccatcttet cactcatctt
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112

<210> SEQ ID NO 136

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 136

gagcgatgct tcaccttetg atggectggac gectggccaag cctgtgectg ctgctcacge
actcacca

<210> SEQ ID NO 137

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 137

ttcttececceg teecttttet gtcagcccat cacagccacce tgctectgcetce agacagccag
gcaccagaag tgagagcaga agtctgcatc ctgccgagcet gceg

<210> SEQ ID NO 138

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 138

ttgtaatgcc agcattccte ttccccattt ccagctgtca ctcecttcatt aaactgctga
gtcattcaaa

<210> SEQ ID NO 139

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 139

ttccaggagg agctcaggtce acccccacca ccgccgecac tgcgtctgec geccectagget
ttcagacatc attagttcc

<210> SEQ ID NO 140

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 140

ctatgacacc accttcacct tcatcctcte attggaggtt getgttagac tcttgctagt
ccagggacac atg

<210> SEQ ID NO 141

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 141

catcattgac cgtggegtee tggtactget ggtactegga caccaggtca ttcatgttac

tcteggecte

<210> SEQ ID NO 142

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 142
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gttaacttca tccttcctta ctecteccat gettcacact acatacacat acaaca

<210> SEQ ID NO 143

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 143

ggatcgtcca geccctttete tgtgtggett aaacctaggt tgccattget ttatacattt
tcacttagca

<210> SEQ ID NO 144

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 144

gactgcaagc ttctgcccat aaggcctgtg ctgacgctge catttcaagce ccctgcacaa
cccatetgt

<210> SEQ ID NO 145

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 145

atgcctegge actccctcta catcatcatc ggagccctet gegtegectt catcctcatg
ctcatcatcc tgat

<210> SEQ ID NO 146

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 146

tcagttcatc cctatccatc accctggage cttccctect cttec

<210> SEQ ID NO 147

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 147

acagggcgac gttccaggcc aagtgatgtg attgtgaaga ccccatgtcce tgtggtggat
ga

<210> SEQ ID NO 148

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 148

cagagccacce tggaggatga ccagccagga ttgttcaggg cttecattgte ttggtcacat

tgcttecattyg tet

<210> SEQ ID NO 149

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 149
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accacacctg tctcctcectt cacatcaggt tccatgttgg gcecgaacaga caccgccctce
accaacacgt acagtgc

<210> SEQ ID NO 150

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 150

acctcacgtg gtcagccatg accaatgaac ctgagcggtce ctgcaatccce tcccttatga
gcatcatc

<210> SEQ ID NO 151

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 151

acctcatccc tggcagccce ttgectcacg tgggtgetge tctcacagtce actacccacce
cccacatcag ca

<210> SEQ ID NO 152

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 152

ccgcagggaa gtgactttca cagcettccecgg cctgcectgte cgtetgtgtce tgtcectgtceca
ttcagtgg

<210> SEQ ID NO 153

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 153

accaacagtg ggagcagcag ctctetgttt ggecagetetg ctccatcece attcacatte

ggtggctc

<210> SEQ ID NO 154

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 154

tctacacctc caacatccce atcatcttge agtctgetct ggtgtccaac

<210> SEQ ID NO 155

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 155

ttgccacctt atcatcctca tttccatcect tgtcggetge caacctgctce atcgtcaccg
ggacctteg

<210> SEQ ID NO 156

<211> LENGTH: 69
<212> TYPE: DNA
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<213> ORGANISM: Mus musculus

<400> SEQUENCE: 156

ccatagacgg gcccatactg ccaacccatt gcaccgetgt cgctgtggca agaccttcag
caacatgac

<210> SEQ ID NO 157

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 157

ccctecattge tttectcate ggeccacctge agttgecaggt ttecteccac tgttetggece

tcaccactece tg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 158

LENGTH: 83

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 158

catcagtcag ccagcttatt ttgaggaggt ttttggattt gaaatcagca aggttggceat

gttgtctgeca gtccctcace ttyg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 159

LENGTH: 33

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 159

ttctaccatce ccctececte cccacccecat cca

<210> SEQ ID NO 160

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 160

caggggctct aacctatcat ggcagaacag cccattcatg gtggtggaag ctgtcacatc
atagctaccc aggcagtggce aaggca

<210> SEQ ID NO 161

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 161

ctgtgattag tgcccatccce atccattcecc tcgataaccce tcaccatcat ttccactcca
g

<210> SEQ ID NO 162

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 162

caaaccatca tcatcctaaa caaccgcaaa tttgctaatt cactggttgg ggtccagecag

cagctecagyg ca
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<210> SEQ ID NO 163

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 163

tgtggcagcc caccgctcac tcactgccac agcagcaggg agaagatcgt catcccctte
ttcagtctge tcatca

<210> SEQ ID NO 164

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 164

catcttcatc tacgcggcca tcegectctee atcacctect gecatcttcac ctatatccat
ttgca

<210> SEQ ID NO 165

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 165

gtcaccatct tcatcttcat catcatcatce tactggggaa actcagaccce agtcttcaag

tcggttatce caggtcccga tgtcagetct gaaatctgtt acttctgeca gtttttctaa

tgggce

<210> SEQ ID NO 166

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 166

aatccagcca ttccaaacac ccccaccetg gtecctgate atcac

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 167

LENGTH: 64

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 167

acccagcagg gggcagtgtg atgecggeca cgtcatccet cecgetgtee ttgtctecat

tcat

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 168

LENGTH: 80

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 168

aacaagcagce tggctegtte tgegcaatct cacaccecag atcgatggtt ctacactteg

gacgctgtgt ctgcagcatg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 169

LENGTH: 69

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 169
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gagacctacc ggttaggcegt gcaaatgcat cccggccaag aaatccataa ctcaccctga
ctggtcgeca

<210> SEQ ID NO 170

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 170

aacatccatc cccacttcca ttcttcatte tttccaagte tgtgactggt gagttatctce
catctttgaa aatagcttta

<210> SEQ ID NO 171

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 171

aaccccagcec attctcatca gecttaccat caaccaggtce tcctgggtcet acctctgaga
caaccacatc ctcaccatca

<210> SEQ ID NO 172

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 172

acagcaacaa gcagcaacgg ttagcatgat gcctgtggec cctcattcat ctctctaccce
tecectte

<210> SEQ ID NO 173

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 173

cacatattca tcatcatatc catcttcatc tggaactcca gtattagggt cacaatcccg
gactgtgaac

<210> SEQ ID NO 174

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 174

tcacgecttcece tctgaaaaca cattgcaccce tccacccgec acccecttcac cctecacccyg
cc

<210> SEQ ID NO 175

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 175

tgaattccag gacacctgag gacataaagg agattttaag aaaacaacca tcatcattat

cttgtegtca tcatcatetg catctge

<210> SEQ ID NO 176
<211> LENGTH: 65
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 176

cactccagcec atcactgect gtgettgetg cagatgttee tgctacctge tttgetgagt
ctgta

<210> SEQ ID NO 177

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 177

tcgaactcag aaatccacct gectctgccet cccaagttcect gggattaaag gcatgcagcec
ccattacca

<210> SEQ ID NO 178

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 178

gtgtttgatc atgtcttcca ctgctcecctg ceccccagete ctecccagage ctcccacttg
gcttccagee ¢

<210> SEQ ID NO 179

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 179

ggaggcgtge gaaggtaggce tcagaaatgg ccctacctca ccttcacctce tcactcetget
tcatgett

<210> SEQ ID NO 180

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 180

gagggcccac cccattccca ttctacatcet accaacttca tggcaaatca ttacaatagt

ctctgecattt ccagt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 181

LENGTH: 74

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 181

getteectag cgcaggcagg aactgatgac aggccatgga ggagtgetgt ctatctecac

cctgectece cteca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 182

LENGTH: 45

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 182

cgttctettyg ctcatcteeg agttetgect tgecectete agatg
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<210> SEQ ID NO 183

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 183

ccatccccce ataccatcte tgaatctcct tccectecte atctcag

<210> SEQ ID NO 184

<211> LENGTH: 245

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 184

ccatctcacc cctgecttce cctccatcte accctgectt ctctctecat catcttacte
ctgccttecece atccatctca ccecctgectt cccatccate tcacccectge cttetectece
atcccatccc tgecttccce tctatctgac ccctgectte cccctecatce tcacccctge
cttgccctet accatctcat ccctgectte ccctctacca tctcacccct gecttcetete
tccat

<210> SEQ ID NO 185

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 185

acttctgggg tctcatgatt tccccatcta agaccttagt ccacctgaac cagegtttcet
gtctgtgtcc aaatgtccat ctgtttgtct tttcettcatt tc

<210> SEQ ID NO 186

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 186

agctctttga gcatctacat catcttagta tttcctccag agaggaagtc tggtcatgtt
cececcttaggt ¢

<210> SEQ ID NO 187

<211> LENGTH: 127

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 187

tcacccttet cacactctte atcataatcc caggggtatc tgatatagaa ctgtcttcca
agtgtgttga gtgtcaggaa caactacagt attgagatct gtaaagagag aggacttttt
ttcaacc

<210> SEQ ID NO 188

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 188

agtgtgaact ctgaaatgtt ctcagcatce tegtecteee tgggcccaga gagtctcatt

ctccataggt

47
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<210> SEQ ID NO 189

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 189

ccataaattc atcctttgcet tctttecctca ggctatctta gtagaaatgg cataattgtce
ttatctactt tgacttattt ttccattctg a
<210> SEQ ID NO 190

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 190

aacactctge agggctgett ggtcetgetgg tatcttttea gttaccacte atgtctcace

ccattgttca catc

<210> SEQ ID NO 191

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (70)..(70)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 191

cccacaccac ccctccactg ctacatattt ctaatcatte tcttageccct ctacttctcet
cttgtctcan cccatacctg accc

<210> SEQ ID NO 192

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 192

cctaacagtg atgtcacttc acctcagccce ccgcccacte tgaaaccact tttecattac
cttcagtgac tctttett

<210> SEQ ID NO 193

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 193

caccaccacc actaccgcca ccagcagcac caaacgtaat gtctttttca tttcattgac
t

<210> SEQ ID NO 194

<211> LENGTH: 38

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 194

tccatectca ccctecacce ccaaccctge tcacacag
<210> SEQ ID NO 195

<211> LENGTH: 76

<212> TYPE: DNA
<213> ORGANISM: Mus musculus
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<400> SEQUENCE: 195

aacctccatc accacaccce ttccctgatce ctaacctcca tcaccacacc ccttececetg
cctaacctcc atcacce

<210> SEQ ID NO 196

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 196

tgcttetgee tgettgtget ctgetecetyg tgagegecacg ctaatggtet ctetgggtet

getetgette

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 197

LENGTH: 102

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 197

ttgtctatte cttaagagag ccaagagtce atttttecatce actggtgaat gtgttcatct

tgggaatcca gggttectgg atccttatga acgtcacagt cc

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 198

LENGTH: 93

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 198

ttcetgtete atccctgtge actcctgcac actgtggect tccegtctca tccctgtgea
ctcctgtaca ctgtggectt ccegtctcat ccc

<210> SEQ ID NO 199

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 199

tctagaatgt tcattgctca ttggttttet tgctgtgtag tccaggetgg ctgaaacctg
aggcctttee tect

<210> SEQ ID NO 200

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 200

agcggetggyg ttgettetgt ttttgtcate gtecatcateca tcaccaccat caccatcacce

atcatcattg

<210> SEQ ID NO 201

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 201

ttcattccag aggggaaaca tcaccctget ggectctget ceccatgace cce

<210> SEQ ID NO 202
<211> LENGTH: 73
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 202

aaacaacatg tcccctgcaa cataatccat gttcttecctg tcattccacce atcecctgacce
ccacccecte cac

<210> SEQ ID NO 203

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 203

aacctcatcc atgctaacct catccatgct aacctcatcc atgctaacct catccatget
aacctcaccc atgcce

<210> SEQ ID NO 204

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 204

ggaactgatc cccctettet ggectctaca ggaaccatac atgctcatgg tgtg
<210> SEQ ID NO 205

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 205

attggccagc cctcatggcc atattttcaa gctcacctac cccatggcat ctctectcete
tccaccttet tectte

<210> SEQ ID NO 206

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 206

tttatccata caaatcccte ctgctgeteg tcatggttge tg

<210> SEQ ID NO 207

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 207

gtgttcttece attttccaca ttcttcacge taacatgegt cttcatgcet

<210> SEQ ID NO 208

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 208

tcatttttaa actcatttct gttttectgac ttgtgtgaaa gtcatgttca cgetgtgeca

gecactggect cctgectetyg ctcagece

<210> SEQ ID NO 209

<211> LENGTH: 70
<212> TYPE: DNA
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<213> ORGANISM: Mus musculus
<400> SEQUENCE: 209
ccacctccac ctectectece ccteccccca gggecttgect tctatggaac agatatccca

cccatcagtyg

<210> SEQ ID NO 210

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 210
actgccteca tgcatccate catgatccat ctgtetttec atccatccat ccatccatcce

atccatccat ccatgecatac ac

<210> SEQ ID NO 211

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 211

gtctgtectgn ctgnctatct atctgnccat ccatctatca tcecttccctg cctecttecc
ttaacccgcc ccccctccat cagec

<210> SEQ ID NO 212

<211> LENGTH: 134

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 212

gaatctgtct ccccatcatc tatcacatga atcacagaat ctgtctcccc atcatctatc
acatgaatca cagaatctgt ctccccatca tctatcacat gaatcacaga atctgtctcce
ccatcatcta tcac

<210> SEQ ID NO 213

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 213

tcatagctce tgtgagtacce tgactgtaca ctggtaccat ttteccteca taactgecct

tgaggggtgg ctgtcaccat cac
<210> SEQ ID NO 214

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 214

ctcaagtcaa ggacagtgta ggtggtactt gectgggaat agettttece tcectcccte
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ccteectece

<210> SEQ ID NO 215

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 215

aaaccctata agcccctgee ctettcecate tettetgtet ctttet

<210> SEQ ID NO 216

<211> LENGTH: 144

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 216

ccattcacce attcatctac ctactcaccce atctacccac ccattgtcct gtctcatccg
cctactcatt catcttctta gccactcatc tgtccagcta cccatctcat catctatcca
cctatcccat tcatctattce atct

<210> SEQ ID NO 217

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 217

tgtagcatga ctgtggcatg attgtaacat gtcttcaccc cagctgcatg tgctcacttt
gcatcttcac tgca

<210> SEQ ID NO 218

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 218

atttcattcc cctcccagtn ggccctccaa ctgttccaca ttccatacct cctecccact
ggactgtcte cacaaggatg tcccccacct cccactccac

<210> SEQ ID NO 219

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 219

cactcattgt gtttttccca gtgaacttca atctgctggt attcatttte tatttttttt

acattaa

<210> SEQ ID NO 220

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 220

aggacttggt ggtgggagct agttttcaaa tgtactgagg tgagacagece ccagtgcccce

caacttcata tg
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<210> SEQ ID NO 221

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 221
gtccacgtge aatttgcaca cacacttggc tcgcattcat ccecctttecc accgccccct
cactcacct

<210> SEQ ID NO 222

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 222

acccaactge ttagcagtgt ggagcagact ggaggaatca cttttettge ttgcatcaca

tgctgeccee tgt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 223

LENGTH: 41

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 223

ttcagettge agetgtcate tetetgetgt teccagetgt ¢

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 224

LENGTH: 83

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 224

tgttattagt ttccatccat tcatccatca atccattcat ccatttacct atgcattacc
taaccaccct tctccatcece tce

<210> SEQ ID NO 225

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 225

tccgteccate catcegtcca tcecttcectatce cattcatcta tccatcccat gaccaggatg
aaggtgcggt a

<210> SEQ ID NO 226

<211> LENGTH: 115

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 226

ttcattcatt cattcattca ttegttecatt tatggtttte gagacagggt ttctetgtgt

agccctgget gtcctggaac tcactctgta caccaggctg gcoctcgaact cagaa
<210> SEQ ID NO 227

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 227

aaattattca tcgccatcca ccatccacca cteectectg ctceccacatge tccatttee
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<210> SEQ ID NO 228

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 228

agtctcaccce caggctgtta gtattccatc agtctgtcect aagggagtat gtctcatgtg
ctcctgacce atcccatcta catcc

<210> SEQ ID NO 229

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 229

acccectett cagcectcatg tctgacctece tcaccegccee accattgtte

<210> SEQ ID NO 230

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 230

ccctgaagag ccatcccact gectggecge ctacctgetg acaccaccca gcatggettg
tgaacgtcac gtcagttcac tgccgca

<210> SEQ ID NO 231

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 231

actccatcat ctcctcaaaa gctagaccag cccactgcat ccgecattgge tccattcegt
cattgecc

<210> SEQ ID NO 232

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 232

agaagtgcag cttggtcttc atgtgggtct cccaacaatt ggagcagggyg ctatccctga
ctectgttgec tgectgtgga tcectgttcete ctcactggge t

<210> SEQ ID NO 233

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 233

tcagcaggga aactggttat ccacacagtt cttcacccte atcctcacgt ctgtcageca

ttcacccgea

<210> SEQ ID NO 234

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 234
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caacctcaga ctcctcatct ctcaccctge tctgaagtga tacccgcagce gcagtcctge
ctggectgtg cag

<210> SEQ ID NO 235

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 235

aatcccattc ccattgctca tgagtcttte tctectttte agtacaa

<210> SEQ ID NO 236

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 236

agtgecgtget gtggcgatca gaggaggggg atggcttcete tggaaccagt tacagatgcet
tgttagcct

<210> SEQ ID NO 237

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 237

agagagagac gtcatcatca tcatcattgt catcatcgtc gtcatcgttg tcatcatcat
catcgt

<210> SEQ ID NO 238

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 238

tatccatcca tccatccatc catccatcca tccatccate cacccac

<210> SEQ ID NO 239

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 239

gaacaagacc tcatagctca tgaatgtcag tgtccttcag cccacaaget acacaaacct
cttactctgt ctctgggaga tataa

<210> SEQ ID NO 240

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 240

aagtgtatgg cagtcccatt tttegtcate cccatcecat ttetgagetg tgettgegea

ctgggtettt

<210> SEQ ID NO 241

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 241
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ttctttectt ccatggtgcet tcatcatcte ttcttcagaa tcatttgtcet gacatccttg
gcaatgtagg aaaggcttta ccaagtaccc tgtgagttcc catca

<210> SEQ ID NO 242

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 242

caatccgtcet tacctgtgtt cacaggcttg tcagcactecce tgggagaccce actctctccce
tgtag

<210> SEQ ID NO 243

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 243

agctgaccac cacccaccat ccatctccat ccctcaccac cgcc

<210> SEQ ID NO 244

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 244

accaccacca agcctgctge tgtcaagcca aggactatcg ctgctgggac tcattggagce
tecceccttece ¢

<210> SEQ ID NO 245

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 245

tctcocacatt atccctetgg agectcgggtg acaggectca tcaggttcac cttetgegge
ttgtggtcac a

<210> SEQ ID NO 246

<211> LENGTH: 202

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 246

taatgtcctc tttctaggct ccacccagec atggctgcta cttectatta gagccacagce
ccatgecttt ggcatattgt ctttagggac tttgggatct acatcataat gttgtcatgg

aaagggtttc cttgtcttgt gtttccctet tetttetttt cttgacgeat gagtetttet

ggactccttt taatgtcctt tt
<210> SEQ ID NO 247

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 247

aactccagece tcatcgatce agegcactct getggaccet gtgggcacac attctcatat

aca
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO 248

LENGTH: 62

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 248

tacaaaccta gatgtecctta ccacatcegg gtecttecga ceccacctega gatgaacate

at

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 249

LENGTH: 50

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 249

cagggectte tttcecegtgt cageacttgg atgecagatt tceccagecte

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 250

LENGTH: 95

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 250

catcatctee tgcccagace ccagcatcat cagcatcage atcatctect geccagaccce

cagcagtgte ttcccttgte aatgtettet ttett

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 251

LENGTH: 72

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 251

ccagcectca gtegttetgt cgggtectgt acactgetgt ggtttetcac tteccagecce

tcagtcatte tg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 252

LENGTH: 113

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 252

atgcacttte ccatcatctg tecactcace tceccccacee atccattcac ccatccatcce

atccacccac ccacccatcce atctacccac ccatctatct actcacccat tca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 253

LENGTH: 69

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 253

atgggaaggyg ggcccttect ccttttecte ttectectee tettectect cctectgtea

ctcatcccce

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 254

LENGTH: 51

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 254

tcaacaccac aggctgacce ctgtcectte tatatttget gecatatgtte a

60
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50

60

95

60

72

60

113

60

69

51
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<210> SEQ ID NO 255

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 255

ccacccctec ccttcaccte tgagaagggg gaggtcccee tctgtatcac cccaccctgg
cacctca

<210> SEQ ID NO 256

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 256

cctgactaag acagtcaccce aagcttgtat gacgtggagt tgaagttcat gctcactttt
gtectt

<210> SEQ ID NO 257

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 257

aattccattt cattgttcat cctcaaaagt cagggcaatc aaagcagaaa
<210> SEQ ID NO 258

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 258

ccacatttca gttcgtctce attcactgec ttgctcatce atcacgcatg cttecagtgtg
gcggtggeac cct

<210> SEQ ID NO 259

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 259

tgacaagctyg ctattctcta aaactcttga aattcatagt ttctgaatag aagcaggect

ggtgtcectge tgtgtyg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 260

LENGTH: 72

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 260

aaagccatta cctceectet tcagetcact geacectetg tttetgggeg tccagageag

tctgttetet te

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 261

LENGTH: 73

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 261

60

67

60

65

50

60

73

60

76

60

72
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tctgagaggg ggcttcattce acccagcccce acacctcatce catctagcat gcatcctect
tcccetgggge atc

<210> SEQ ID NO 262

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 262

caatctctge atggactttc cttcagtcte tgctccacac tttgtctatg catttectcece
cttgagta

<210> SEQ ID NO 263

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 263

ttctegeteg cccatttgat cgcagettga ggctgcacat accctgecatt ctectgegcea
c

<210> SEQ ID NO 264

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 264

gagtggctaa tcatctctge gggcaaactg acagtacatc ctctagaatt ccttecttet
catttce

<210> SEQ ID NO 265

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 265

ccaaacattc aaacacatga gtctatgggg gtcatttcta ttcaaaccac caacaccctg
cttctecteca cctac

<210> SEQ ID NO 266

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 266

catcatgcca ttcctctcag tgacacaggt cagggtgtca tcccactctt cttaatgatt
tggtcaggtc atca

<210> SEQ ID NO 267

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 267

tcagactcaa agattcatct gectgettet gecteccaat tgetgggact agaggtgtge

agctccacca cctyg

<210> SEQ ID NO 268
<211> LENGTH: 71

60

73

60

68

60

61

60

66

60

75

60

74

60

74
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 268

tgcacccatg tcaggcattt cacaaccacc tgtaattcca gctttecttg cctetgtgag
catctgcact ¢

<210> SEQ ID NO 269

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 269

aactcatcgt ttctgtgget tggettgtge cgctcactet gtctagactt catctcattt
cctetgtgtt cag

<210> SEQ ID NO 270

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 270

gttggtcaca agccattggg atgtgcctgt ctectgcctac tccagttetg gattactgge
tcacactgcc acact

<210> SEQ ID NO 271

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 271

tcttettget tgatgectac gtgtctatca cctgtttatt ctccatccat ctagectacca
tctgtectgta tctetgtett ctccatctgt catttagcca ccaatccatce ttt

<210> SEQ ID NO 272

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 272

gettaagtca ttageggggt catcgtcatce atcaccatca tcaccatcge catcatcacc

ttcttecatca teg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 273

LENGTH: 54

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 273

ttgtcatcct caatatcacc tgcactacge ttettaagtt tactattgte atcce

<210>
<211>
<212>
<213>

<400>

gtctacaatg catccctacc cactcctate ccatctetge ttgtggtagt tagtgtacta

SEQ ID NO 274

LENGTH: 74

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 274

tcaccctcat ttet

60
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60
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74
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<210> SEQ ID NO 275

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 275
tcegttcaact cttctcattc aagttagcag tcatttcaat cagttcaata agcatattag
gcaagca

<210> SEQ ID NO 276

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 276

aggcegtgggyg gatcagggte ttagactetg ccecccctea ceccactete tteccatgtt

cgttgat

<210> SEQ ID NO 277

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (74)..(74)
<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 277

ttctttecte tececctgatgg ccatggtcag ttctteccca agagaggatg tgagtggact
gtggcaccce aagntcagca catgcctccc tcacccttga ctetg

<210> SEQ ID NO 278

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 278

gaggggtgct tggactagag ccagaaaggg agagcagact ccgagggaac atggggaact
aaaggacac

<210> SEQ ID NO 279

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 279

cagcctcate catctettge ccaccagece acccaccect ccatcteteg

<210> SEQ ID NO 280

<211>
<212>
<213>

<400>

LENGTH: 75
TYPE: DNA
ORGANISM: Mus musculus

SEQUENCE: 280

gacagaccat aaatccatgt ggggactgtyg ccccatttge atctcatttg gteccatctg

cceceggttte acgeg

<210>
<211>
<212>
<213>

SEQ ID NO 281

LENGTH: 68

TYPE: DNA

ORGANISM: Mus musculus

60
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60

67

60
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60
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50
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75



US 9,447,454 B2
155

-continued
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<400> SEQUENCE: 281

ttttatctcc getgtgettg tgttgtetgt ageccctggge gtcecctggget gaccttgggg
tececettee

<210> SEQ ID NO 282

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 282

gtgtggectyg ttteccacte cgcatcctac tctttectte agcactccte actctcaaat
cctgetcecat

<210> SEQ ID NO 283

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 283

acaacactct agtgctcttt ctttactaga gttcgttcat catcccctgt gettccecgat
cctttgcetceca tectttette at

<210> SEQ ID NO 284

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 284

atgcatcatc tatttgtctg tcttcatgtc catacattta ctaatcatct gtctgtttgt
ccatccattc atccatctat ctccatccat ccatccatat ggcta

<210> SEQ ID NO 285

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 285

aaatccatca cattacgaag cattcaaatc atttgtaaac actcttggtt tcactag
<210> SEQ ID NO 286

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 286

taaaccccca ctatggggtce tcaacccaca gctcgagaaa cactgttgta gatgegtgca
ctactact

<210> SEQ ID NO 287

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 287

cgcttetgea ttgcaaataa acagtaggcet tggaccactg cegagecatag ggctgggaag

tcttggetcea

<210> SEQ ID NO 288

60
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60

70

60
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60
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57
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68
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70
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<211>

LENGTH: 72

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 288

gtgggtgaaa caggcctcct ggccatgtac gectgecatg tcactataaa gccaaatcaa

cagggtcagyg ac

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 289

LENGTH: 83

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 289

acatttccat atcatgecte actaccactg tgctecatge ttetgegaca atggeccatt

aaagccccac ttaaagtgtt cag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 290

LENGTH: 64

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 290

gatccattct gtcaccaccce tgcccctcac catccaggtt ccatactatce caaaagtttg

ggCt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 291

LENGTH: 171

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 291

tcatcccect gectcagaaa ctcactcaca gttaaatcece tgcttcatac attcactcag
cttcatctee tgectecattt catgeccetyg cctcacacat tcaatcagca caaatcactt

acagtcatce cctgecttag aaaatcacte acagtcatcce ccectgettca ¢

<210>
<211>
<212>
<213>

SEQ ID NO 292

LENGTH: 130

TYPE: DNA

ORGANISM: Mus musculus

<400> SEQUENCE: 292

aattcattca ttcattcact ctectetgtgt gtetetecet gtetetetgt ctetgtetet

caggagttte tctgtatage tctggetgee ctggaacteca ctetgtagac caggetggece

tcaaactcat

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 293

LENGTH: 47

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 293

tgcctectca tectcagecte accatcttea cctgettecat ctcagea

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 294

LENGTH: 121

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 294

60
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83

60
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60
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47
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ctctgtgtag ttgtcagggt tcecacctttg ctgtecatcte ctggtaacge ctcaggtgga

ccagggagca aacctgacte ctgatcagece tctgaagect acttggttge catcttecga

g

<210> SEQ ID NO 295

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 295

ccatttctge cattgctcta aaatgacttc actccttcte caactctget tttgtttaca
ctccetgtget tcagtaacac cttg

<210> SEQ ID NO 296

<211> LENGTH: 161

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 296

ttcttetttt ggtcatcttyg gagccaagac tagaaagagce tatttacatt tcaaagttat
tcecctettec tggtttcecce tcetgcaaacc cccatcccat tgcctgettce tatgacagtg
ctccctcace cactcccata tccccaccct atcattccca t

<210> SEQ ID NO 297

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 297

cattgtctct ccccatccat ttctaactcc atgaaatcaa acgtgtctga aggttctett
tgatttgttt gttttgttga ccttaagg

<210> SEQ ID NO 298

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 298

gatagtcact gcatcctaaa gtcactgcaa gtcactgcat ccatcaatca ctgcatctga
cagtce

<210> SEQ ID NO 299

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 299

accatcecctyg cacccatetg tecatctgte tgtettttea cetetetgte catccacaga

caggtgttca tct

<210> SEQ ID NO 300

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 300

getgtgecta ggectgtetg tggcaagete ctecatctet cteectetgt gtgtgtettt

60
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120
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gtctcetgeat cat

<210> SEQ ID NO 301

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 301

aaacatcaaa actcctatcc tcgcegccagg gctgacctca tcttgttcca ccccatctca
tccaatcag

<210> SEQ ID NO 302

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 302

catctgccac taatccatcc atccatccat ccatccatcce atccatccat cecgtetgtcece
atctgtccat tcatcctta

<210> SEQ ID NO 303

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 303

tttcactcca cctgctatct tgacttgact ¢
<210> SEQ ID NO 304

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 304

acacttctcc cagtggtcac tctggectttg atcacaccte attgggtggce tccttagceag
tgttggaca

<210> SEQ ID NO 305

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 305

ggcccaccte tcaccttetg getgaagtee cattttcaga ccaaaacctyg tggecttgtt

ggtaggaa

<210> SEQ ID NO 306

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 306

accaggaagce gggacccgece tgacccacce gaggecctet ccaccctcac tcacacttca
gecee

<210> SEQ ID NO 307

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 307

73
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gttatcectge tgccatttce cttececcccce ctetcccaca aagatcccte cctecttetg
cctececatga t

<210> SEQ ID NO 308

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 308

tgcctectge cattgatgat cgttcttcece tcectttggga gggtgagagg gagggaacgc
agtctgagtg ga

<210> SEQ ID NO 309

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 309

agaccttggg ggtccaggtt agttgagact gctggtctat ggggtcactc tcctectcac
ctte

<210> SEQ ID NO 310

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 310

gcttcccate cgagtttcca tectcacacc tgeccactca ccttceccatgt cgctatctgt
gtceccte

<210> SEQ ID NO 311

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 311

catccatcca tctacccatc catcctctta cccatccacce catccatcca tcca

<210> SEQ ID NO 312

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 312

cagctctcaa cattcagtag gcatgctagg tgtgctctet cattggettt cgaagtaagce
tcagec

<210> SEQ ID NO 313

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 313

gccaagctca catcagcage accctgtage acatggagtt gggecagtte atgetgttac

cectgegtea caca

<210> SEQ ID NO 314

<211> LENGTH: 65
<212> TYPE: DNA
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<213> ORGANISM: Mus musculus

<400> SEQUENCE: 314

gatagtcact gcatcctaaa gtcactgcaa gtcactgcat ccatcaatca ctgcatctga
cagtce

<210> SEQ ID NO 315

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 315

atgcegtttgg acagttgtcet acatttatca aacgaccacc tctggactca ctgetgttece

agcttetgea

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 316

LENGTH: 72

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 316

tggggtcagyg catgtgggtt taaagagttt tcetttgecag agectcatce ttcatggage

tgctcaggac tt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 317

LENGTH: 43

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 317

catggaatce tctgecatca ggttcccate atcattgett ggg

<210> SEQ ID NO 318

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 318
accacccatg ccagtcaccc accccaccca tagtcccagt cactcacctyg tatccatggt
cgcaagtcac

<210> SEQ ID NO 319

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 319

agtactggtt ccaggcagat ctatctgtct gtetgtetgt ctgtetgtet gtetgtetat

ctgtctatct
<210> SEQ ID NO 320

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 320

ggcagttgca gatttccatt cattttcatg gccatctgge caacccgect geecttetec

acacctgatce
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<210> SEQ ID NO 321

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 321

ctaacataag aggccccaag cttcattcac tgtttgggtg cgggtgtttg gatccctetg
agtcacctgce ttggt

<210> SEQ ID NO 322

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 322

cctcatcectg cctcectgea teccagetcee tgtggectca tcectgcatcce cagetectgt
ggcctcate

<210> SEQ ID NO 323

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 323

acttcattcc atgatcacag ttaccatact gtcactgtca cactcaccgt cacactce
<210> SEQ ID NO 324

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 324

gagatcctta ggacctctcg aggtcttcac caagccctge atctcccatce ccatctatcet
tctecatcec

<210> SEQ ID NO 325

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 325

ctcattactg tgctgttctyg gtgagcagag tcctggcatt atgtagccag cgcctttett
<210> SEQ ID NO 326

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 326

ccaccatcac caccactacc accaccacca ccatcatcat catcatattt ctgagacagg

atctcagca

<210> SEQ ID NO 327

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 327

tccatctatg ggtgectgtga agecattttt acagaagcca tttecatgtcee cgatggcage

atttgtgage gc

60

75

60

69

57

60

69

60

60

69

60

72
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<210> SEQ ID NO 328

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 328
ggtctcatte ctcttcecett ggcatcaagt ctctacagga ttaggcgcat cttctecege
tgaggtcaga ¢

<210> SEQ ID NO 329

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 329

tctgtecatg catccatecca tecatctate catcegtaca tetgtetate tgtccatcetg

tccatccate cactg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 330

LENGTH: 70

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 330

aatggctgca tcatgtcaga aggcactgtt tcacagecagg cctecctage tgetgtetet

atgacgttcc

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 331

LENGTH: 66

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 331

acatctccat gtttgcaaag caagccctct aactcaccga tecatctece acageccctt

tgctca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 332

LENGTH: 79

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 332

catctgccac taatccatce atccatccat ccatccatec atccatccat cegtetgtece

atctgtccat tcatcctta

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 333

LENGTH: 78

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 333

gacagtaacc cgtcacccece gtgacagtta getggttgtg ggecagecatyg gtgggaggaa

gtgtccetgt gcagtgge

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 334

LENGTH: 71

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 334

60

71

60

75

60

70

60

66

60

79

60

78
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ccagcttgeca atcccaccag caatggagga gtgttcectet ttctccacat cctcaccaac
atctgetgte a

<210> SEQ ID NO 335

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 335

gacctgggct agagtcccce tcccctcatce ctettetgeg tacattcetga acagtcettet
cacgggtgt

<210> SEQ ID NO 336

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 336

aaaccagtcc ttccctccca gccattgcca ggtgccacce gctaag
<210> SEQ ID NO 337

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 337

ccaacccgac tcaccctcece tgccctectt ttettgtect cgteg
<210> SEQ ID NO 338

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 338

atggagagag cggccccacce cttgccaaca

<210> SEQ ID NO 339

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 339

ctgcacgcag cgctctcecte tgcccatcece cacttctetg tcetegte
<210> SEQ ID NO 340

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 340

atggcgccect ctgctggaga attactgctce tgtggactca ctctagtttt t
<210> SEQ ID NO 341

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 341

ccegetetac cctgeccact ctcacgectyg aagggttgea gggggeatg

<210> SEQ ID NO 342

60

71

60

69

46

45

30

47

51

49
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<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 342

ccaccctggt cccatgetge agacacacat gggactttece tcccccecte ctgctcccag 60
accce 64
<210> SEQ ID NO 343

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 343

cgggcaccte ctgccectece gtggtgactt ggcatcgett tctgeecteg cectgece 57
<210> SEQ ID NO 344

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 344

cccacccagg gaccccacce tggcccagte ctcaggtgga tga 43
<210> SEQ ID NO 345

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 345

cecccagtcac tgegettcetg ttataccate tttgcectgac tctettegge ttet 54
<210> SEQ ID NO 346

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 346

cctgttecta tctgctccece tgtaccccte agettectg 39
<210> SEQ ID NO 347

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 347

gatcggacce actttggetce tccctcccce cagectggag ccag 44
<210> SEQ ID NO 348

<211> LENGTH: 34

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 348

ctectttgegt tagtttttgt tgtagagcct gtga 34
<210> SEQ ID NO 349

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 349

cttecacege tgcccectee cgeteccaaa atcece 35
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<210> SEQ ID NO 350

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 350

ggccaaccct gctegegeca acccecttcca tctacccgta tatcctgett cccagetgaa 60
cce 63
<210> SEQ ID NO 351

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 351

aacatagtac aacccatatt tgtgccctte ctggggttgg cccatgacac 50
<210> SEQ ID NO 352

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 352

caggcaccgce ccctacccee cctecceggtte ggttegttte cg 42
<210> SEQ ID NO 353

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 353

acccgagcag agcctcctca ccccgeccac actcctcacce ccgeccacac 50
<210> SEQ ID NO 354

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 354

tgagggtgag aacaggttgg tatcaaacca tccccctceece cttagttcat cttgettgga 60
cactg 65
<210> SEQ ID NO 355

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 355

aatctgtect nctttgaacce tactgattgg ccacgtttea aggtatgtac taccactccce 60

agaacaaatt agtcttgtga 80

<210> SEQ ID NO 356

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 356
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aaacccctet caactgattt ccttecatee tetttgacca gegecg 46

<210> SEQ ID NO 357

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 357

caaacagtat gcagaacatg tgtgtgataa cacagctgct acatgttacg tacaaacatc 60
agcccagect accctttete ctcagta 87
<210> SEQ ID NO 358

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 358

aacccagagc acagcaccct gccatcagag cacccgagtg accectttgt tgge 54
<210> SEQ ID NO 359

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 359

ttggtctgeg cctacctect gccaagcaag ctctgtgetg tcactcag 48
<210> SEQ ID NO 360

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 360

gcgggtgtge ggacctgacce ctcccccaca gcagccactce acagtcatcce ccctgect 58
<210> SEQ ID NO 361

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 361

acacccctac tcecgtatcce tccccatcece atgetgecaa ct 42
<210> SEQ ID NO 362

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 362

aagccctece ctgtgtgtgg ccecectetee tetetgttee agtgacctgt gttecectege 60

tctcat 66

<210> SEQ ID NO 363

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 363

ggccactgtyg ctettecteca gegetcacaa gcaagtgtee accteattge tgeg 54

<210> SEQ ID NO 364
<211> LENGTH: 59
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 364

accccacace ctettetget ccccaccgge acccacactce aaatacacaa acctgtace 59

<210> SEQ ID NO 365

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 365

gtggtctect ggtctttegt ntetnetgta tteccacceg ggecatttge aat 53

<210> SEQ ID NO 366

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 366

atacctgnta nctceccttte ctgttgggce tgcttgettg 40
<210> SEQ ID NO 367

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 367

atccacctge ctgectttge cctcetgagge tttgtagttt ttettg 46
<210> SEQ ID NO 368

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 368

getgtttget ggatttcectg cagetccccee accceegtgte tttgag 46
<210> SEQ ID NO 369

<211> LENGTH: 51

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 369

atattatcag gaatccacag cctttcattt aatttaaaag tgtgcctcce a 51
<210> SEQ ID NO 370

<211> LENGTH: 37

<212> TYPE: DNA
<213> ORGANISM: Mus musculus
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<400> SEQUENCE: 370

aatcttctgt taccttctca ttectgtgtet cattcetg
<210> SEQ ID NO 371

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 371

taacctccct gatttectcectg tggtgtetgt agetc
<210> SEQ ID NO 372

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 372

acacccagac ccagcgtcce tcecgttgact cgctettgte te
<210> SEQ ID NO 373

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 373

ggagccgage ccaagctttg ceggcacttt cecgcagccce atctgecgagt gttttegttt
tgtttta

<210> SEQ ID NO 374

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 374

gagcaccctt gggagtggat cctctgcacc cagtttcacce a
<210> SEQ ID NO 375

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 375

tctacctett ttatccccac tttettttga gacaggattg ttcactgaac ctagggtttg

g

<210> SEQ ID NO 376

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 376

actgtcatta cctctttgtt catctcacca atccatggac ttgttcagtg cttg
<210> SEQ ID NO 377

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 377

cctgaccect catggecctg tagecteggt acttggatga gaatgtacac ggggagecct

ggacccatce tgacctctga gtcgagteca tteag

37

35

42

60

67

41

60

61

54

60

95
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<210> SEQ ID NO 378

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 378

acccgacgca gaatggagac atccatgggg getcteggtyg gagtgtgagg

<210> SEQ ID NO 379

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 379

gaggaatgca tgacaaacgt gctgtcaggc tctctcttac tgegttttac ttacttttet
gcctgetetyg

<210> SEQ ID NO 380

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 380

aaatctaatc aagtcccegtt tgtgtgtgtg

<210> SEQ ID NO 381

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 381

atggcgtgca ttgaggaggg cagccctagg ccacgcagga gg
<210> SEQ ID NO 382

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 382

tccctetggt gacccagetg ttgcttacgt taccgacat
<210> SEQ ID NO 383

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 383

actagccget acttgecttt ttettttttt ctcaattact tatgecttgga ttccagetgt
gctetg

<210> SEQ ID NO 384

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 384

gcagggtcce acatgtctaa acgcagtagt taggaacaaa actaaatcaa tgtcettttt

getccateta tcectcaget tete

<210> SEQ ID NO 385

50

60

70

30

42

39

60

66

60

84
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<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 385

agtgttgcca taactggtct ttcatactgt cttctgtacce acagatctca ccag
<210> SEQ ID NO 386

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 386

attctacaca ctctettgtg ttgtaacttt tgtcagtgea actagagace tgttctacac

agtcaggga

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 387

LENGTH: 48

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 387

tgggctagat agatggettt tcttgaagac ccaagtttga ttcccacce

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 388

LENGTH: 74

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 388

aagatgctct gtagtgaaca cagatttctg tttccteget cttccacgtt gtcttagtta
gggttttact gatg

<210> SEQ ID NO 389

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 389

atgggtacca gttctgattc ccttcagtaa attctgatct acggect
<210> SEQ ID NO 390

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 390

ataacctagt ccttatggta cccaagtata tccagctcaa cctatctcat gacgggacag

ccttgatget aaagagttca ag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 391

LENGTH: 88

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 391

cacaacagtt actgaactcc tgectcecage tcttaagtac tgagattata gataggtacce

catcacctte ctgggetett getttatg

<210> SEQ ID NO 392
<211> LENGTH: 84

54

60

69

48

60

74

47

60

82

60

88
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 392

catgggcagt ctcttgttta aactgctgtc ctttgtcatc ctacatttta atttacttat
tccactgtta ttttagatca ctag

<210> SEQ ID NO 393

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 393

tacttgctcc tacttcctce atgggettet ccttttatag tcatctttgt ggtectccat
ctcttetgtt cttaag

<210> SEQ ID NO 394

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 394

aaggcactgc gcagggcgtg atgctgttte cagatccact tctgtttatc tccatttttg
tttgtatccc cccccttgta atgttt

<210> SEQ ID NO 395

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 395

atcaggctgg cctggecttyg tcagetectg tetteca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 396

LENGTH: 58

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 396

tctaggtgga tcaacaatat gaactageca gtgcccccag aactcacgte tctagetg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 397

LENGTH: 54

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 397

catcttaacc aactctcage atttttattt tctattttta gecatttatt acac

<210> SEQ ID NO 398

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<400> SEQUENCE: 398

cctecancaat gectggtacte ctgacttgec tectactetg ttaagacaac cgcaaccac

<210>

SEQ ID NO 399

60

84

60

76

60

86

37

58

54

59
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<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 399

atccaccagt ttttattaaa ttaacatttt tgctgtagtc ttgcttgccce aggtgtacct 60
acataacata aat 73
<210> SEQ ID NO 400

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 400

cacagtgctg acttaatcca gcctggtgtt ctttctacac atgccacaca cagac 55
<210> SEQ ID NO 401

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 401

acacagcagc cacagcagtc acgcagcata ctcgccgcag acatgtag 48
<210> SEQ ID NO 402

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 402

cacaccccat ctccctgect ctggctetgg gggacctcat gcagatt 47
<210> SEQ ID NO 403

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 403

aaaatgcctce tcccacteccect tgcttttceca tt 32
<210> SEQ ID NO 404

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 404

caggatctca ctaagtagct ctggccagct tagaacttge tatgtagacc atgccagett 60
<210> SEQ ID NO 405

<211> LENGTH: 61

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 405

ccaccacgece cggctetete ctttttttaa agacaggtte ttgetatgta getcetgtegt 60
g 61
<210> SEQ ID NO 406

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 406
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tattctaaga aaagtagatt ttataggett tgtcgtgaca cte

<210> SEQ ID NO 407

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 407

tatccacacc aagcctacce taaactaaac agceta

<210> SEQ ID NO 408

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 408

cttagtccte tegttgacte aggtte

<210> SEQ ID NO 409

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (42)..(42)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<400> SEQUENCE: 409

agaccctget tgectgcteg ccctgcectcac caccttttat an
<210> SEQ ID NO 410

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 410

cececctettgt geccacttce tectcaaatt cccccecttt cccccagtece tagttgtceta
tectttttttt tcecttee

<210> SEQ ID NO 411

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 411

ttagcttacc ctttctccte tcttcegtcaa gctact

<210> SEQ ID NO 412

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 412

cctggectgg cctgaaattt getgtgtaga ccaggttgge cttgaactca aagagatcta
cectgtttetg cctegtgacyg atgeggg

<210> SEQ ID NO 413

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 413

43

35

26

42

60

76

36

60

87
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caatctgtta gcaattctgt aggttcccta agctagccag gagtgagtcg tgtgcaatcg
gtatttattg cc

<210> SEQ ID NO 414

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 414

ggtgcgaacg aaccggaggdg gggagagaga aatcaaacag ctaagcgtgg ag

<210> SEQ ID NO 415

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 415

aacaagcaat ggacctcaaa tatacaagca tatatgttag tgagtatgtg ccccacactt
tcgagtcaca ctctg

<210> SEQ ID NO 416

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 416

tagtgecttgg cccacgctca gtattattcet ctcttteccag gaage

<210> SEQ ID NO 417

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 417

tgtcaggatc ccagtgaccce ccaagactct gectttggeca cctgectage cgettetg
<210> SEQ ID NO 418

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 418

atatgaatga cctccecggga ccaccatcca aacctcaggt cactgatgtt tctaagaaca
gtgtcacctt atcctggecag

<210> SEQ ID NO 419

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 419

atgagctcac agtgccccga taccgcacag agaagcecte caagtcatce ccgecaccece

ctecececegecyg

<210> SEQ ID NO 420

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 420

atgcaagctyg cctacatcca aacacagttt gaaagcaaaa accgctcace caacaaagaa

60

72

52

60

75

45

58

60

80

60

70

60
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atttactgtc acatgacttg tgcca 85

<210> SEQ ID NO 421

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 421

caaatcaaga cagcacgtac caccatggcg ggcctgacca tggaggaact aatccaactg 60
gtagccgcac gactgg 76
<210> SEQ ID NO 422

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 422

tgagagctac cccattgagce tcecgttgtcce gggca 35
<210> SEQ ID NO 423

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 423

acagctaccc accatccacc ccacagcccce ctggtgagac agctctccac ctcat 55
<210> SEQ ID NO 424

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 424

cctgtetgea ggaagggtce ccctgtgggg cggagtccte atcaccatcg 50
<210> SEQ ID NO 425

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 425

acagatttct ttgttcctte teccgeteccca ctgett 36
<210> SEQ ID NO 426

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 426

aaacctttac ccaatgtatt ttgaagctct agtttaataa g 41

<210> SEQ ID NO 427

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 427

tgcccettet ctetectgaa tcattgttet ctgggaaatt ctttgetetg cce 52

<210> SEQ ID NO 428

<211> LENGTH: 55
<212> TYPE: DNA
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<213> ORGANISM: Mus musculus

<400> SEQUENCE: 428

atgtatctgt cattcccage aggaggtaga tggatccaca gacttccatt atgat 55
<210> SEQ ID NO 429

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 429

agccagttgt ccagaatttt tatttctttt tgcttgtttg 40
<210> SEQ ID NO 430

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 430

cctgtttect tttgtatttt tecttcectatt tte 33
<210> SEQ ID NO 431

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 431

catctgatgt atgattttca cacattttct ctgctctg 38
<210> SEQ ID NO 432

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 432

gaagaaatta aagacttttt agattttagt gaaaatgaag acacatcatt ccaaaattta 60
tttacttaca caatgaaagt agtaggagga ggaaactcat agct 104
<210> SEQ ID NO 433

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 433

agaagcccac ataggaaggt ccacttgtca aggaaccttyg tcaggaatag cagaaagtct 60
ggccattcat ttactcattt actaaccacc t 91
<210> SEQ ID NO 434

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 434

aagtcagtgg tgtaggcctg gettttgetg tttecggaag tgttettttyg tattttacge 60
tg 62
<210> SEQ ID NO 435

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 435
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accctgttcec tctcagcact gectgtgctac ctggtatcca agtcctttcece actttgtaac
tgtctettg

<210> SEQ ID NO 4236

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4236

gaagaaatta aagacttttt agattttagt gaaaatgaag acacatcatt ccaaaattta
tttacttaca caatgaaagt agtaggagga ggaaactcat agct

<210> SEQ ID NO 437

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 437

agaagcccac ataggaaggt ccacttgtca aggaaccttg tcaggaatag cagaaagtct
ggccattcat ttactcattt actaaccacc t

<210> SEQ ID NO 4238

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4238

accagaagag ggcatcagat cccattactg atgtttgtga gccaccatgt ggttcatcgt
tctagaaggt tttttttttt tg

<210> SEQ ID NO 439

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 439

gttacaaagt cagacagcgg accttgacac taatggcact tcacatttcc cacagaattg
gctcag

<210> SEQ ID NO 440

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 440

aaaggcctct agtagectgtce aatgcaggtg cccttttatg ttgtacaggt acaaatttgce
agaatag

<210> SEQ ID NO 441

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 441

gtctetgeac ctgaatctgt ttcttatgaa ttttettggg cttttttect tetgtttgtt

tcttttgete aat

<210> SEQ ID NO 442

60

69

60

104

60

91

60

82

60

66

60

67

60

73
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<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 442

ctaattgatc acaaccagtt acagatttct ttgttecctte tctgectccca ctgctte
<210> SEQ ID NO 443

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 443

caccgecegg cttgtttgtt tgttttttaa cctac

<210> SEQ ID NO 444

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 444

caactgggceg ctgtgacttt gecgtgtcaga cgtttecccga tttecceg
<210> SEQ ID NO 445

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 445

acaaccagtt acagatttct ttgttcctte tcecgctccca ctgcttcact tgaccagect
<210> SEQ ID NO 446

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 446

aggcagaggc aggaggatca cgagttcgag gccagcctgg gctacac
<210> SEQ ID NO 447

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 447

cecgeccccac attcgeccegte acaagatgge gctgacatce tgtgttctaa gttgg
<210> SEQ ID NO 448

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 448

atccatcaag gccacaatte ctaatagtgt catttcetgt tccaagcata tacaaaccat

cacaatgagt ctgttggttt atttctg
<210> SEQ ID NO 449

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 449

tccactggat ggttttaget cecttgtcaa agatcaagtg accataggtg tgtgggttca

57

35

48

60

47

55

60

87

60
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tctetgggte ttcaatte

<210> SEQ ID NO 450

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 450

ccau

<210> SEQ ID NO 451

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 451

ucau

<210> SEQ ID NO 452

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 452

ucac

<210> SEQ ID NO 453

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 453

ccac

<210> SEQ ID NO 454

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 454

uccauc

<210> SEQ ID NO 455

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 455

ccaucc

<210> SEQ ID NO 456

<211> LENGTH: 6

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 456
auccau

<210> SEQ ID NO 457
<211> LENGTH: 6

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

78
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<400> SEQUENCE:

caucca

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:

<400> SEQUENCE:
ucaucce

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:
<400> SEQUENCE:
caucau

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:
<400> SEQUENCE:
ccaucu

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:
<400> SEQUENCE:
ccuccce

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:
<400> SEQUENCE:
cucauc

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:

<400> SEQUENCE:

cauccu

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM:

<400> SEQUENCE:

cucacc

<210> SEQ ID NO

<211> LENGTH: 6

<212> TYPE: DNA
<213> ORGANISM:

457

458

Mus musculus

458

459

Mus musculus

459

460

Mus musculus

460

461

Mus musculus

461

462

Mus musculus

462

463

Mus musculus

463

464

Mus musculus

464

465

Mus musculus
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<400> SEQUENCE: 465

aucauc 6

<210> SEQ ID NO 466

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 466

ccauca 6

<210> SEQ ID NO 467

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 467

cccauc 6

<210> SEQ ID NO 468

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 468

yecay 4

<210> SEQ ID NO 469

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 469

yecayy 5

<210> SEQ ID NO 470

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: unknown

<220> FEATURE:

<223> OTHER INFORMATION: don't know source

<400> SEQUENCE: 470

Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 471

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: don't know source

<400> SEQUENCE: 471

Asp Tyr Leu Asp Glu Asp Asp Lys
1 5

<210> SEQ ID NO 472

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: don't know source
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<400> SEQUENCE: 472

Ala Trp Arg His Pro Gln Phe Gly Gly
1 5

<210> SEQ ID NO 473

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 473

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ile Glu Gly Arg
1 5 10

<210> SEQ ID NO 474

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: artificial sequence

<400> SEQUENCE: 474

His His His His His His
1 5

<210> SEQ ID NO 475

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 475

Glu Gln Lys Leu Leu Ser Glu Glu Asp Leu Asn
1 5 10

<210> SEQ ID NO 476

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: unknown

<220> FEATURE:

<223> OTHER INFORMATION: source unknown

<400> SEQUENCE: 476

Glu Glu Phe
1

<210> SEQ ID NO 477

<211> LENGTH: 16

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 477

agggaggacg augcgg 16
<210> SEQ ID NO 478

<211> LENGTH: 16

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 478

cagacgacga gcggga 16

<210> SEQ ID NO 479
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<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic linker

<400> SEQUENCE: 479

agggaggacg atgcgg

<210> SEQ ID NO 480

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 480

tccegetegt cgtetg

<210> SEQ ID NO 481

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 481

cagtgctgeg cggecgeagg gaggacgatg cgg

<210> SEQ ID NO 482

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 482

tcaagtcagg gcgcgectee cgetegtegt ctg

<210> SEQ ID NO 483

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 483

tcgggegagt cgtetg

<210> SEQ ID NO 484

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 484

ccgecategte cteee

<210> SEQ ID NO 485

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 485

16

16

33

33

16

15
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tcgggcgagt cgtctg 16

<210> SEQ ID NO 486

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 486

gggaggacga tgcgg 15

<210> SEQ ID NO 487

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 487

cgaccugcag gcuuccugce 19

<210> SEQ ID NO 488

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 488

cuuaggugga agggcaagcg 20

<210> SEQ ID NO 489

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 489

gggcaacagg uaccaaacuc 20

<210> SEQ ID NO 490

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 490

cuuagguggu accgcaagcg 20

<210> SEQ ID NO 491

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 491
gggcaacagu agauaaacuc 20
<210> SEQ ID NO 492

<211> LENGTH: 19
<212> TYPE: DNA
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: linker

<400> SEQUENCE: 492

cgagauggeg gcuuccuge

<210> SEQ ID NO 493

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 493

agggaggacg atgcgg

<210> SEQ ID NO 494

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 494

gcaggaagce gccatcteg

<210> SEQ ID NO 495

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 495

gaattcaggg aggacgatgc gg

<210> SEQ ID NO 496

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 496

getagcagga agcecgccate teg

<210> SEQ ID NO 497

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 497

tgatgactcc ctatgtggta actcg

<210> SEQ ID NO 498

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 498

tctetggett gacttgtttt tattttg

19

16

19

22

23

25

27



217

US 9,447,454 B2

-continued

218

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 499
LENGTH: 20
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 499

acactggetyg gaaggagggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 500
LENGTH: 21
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 500

tgggctgtgy gaagactctyg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 501
LENGTH: 24
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 501

tgtggaataa gggggaaaac tctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 502
LENGTH: 20
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 502

tcgtgggage acctgaacac

<210>
<211>
<212>
<213>

<400>

gtttt

<210>
<211>
<212>
<213>

<400>
gttt

<210>
<211>
<212>
<213>

<400>

ctttt

SEQ ID NO 503
LENGTH: 5
TYPE: DNA
ORGANISM: Mus

SEQUENCE: 503

SEQ ID NO 504
LENGTH: 4
TYPE: DNA
ORGANISM: Mus

SEQUENCE: 504

SEQ ID NO 505
LENGTH: 5
TYPE: DNA
ORGANISM: Mus

SEQUENCE: 505

musculus

musculus

musculus

20

21

24

20
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<210> SEQ ID NO 506

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 506

cttt

<210> SEQ ID NO 507

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 507

gttte

<210> SEQ ID NO 508

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 508

cttte

<210> SEQ ID NO 509

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 509

gtaaaacgac ggccag

<210> SEQ ID NO 510

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 510
Ala Gly Thr Ala Ala Thr Ala Cys Gly Ala Cys Thr Cys Ala Cys Thr

1 5 10 15

<210> SEQ ID NO 511

<211> LENGTH: 75

<212> TYPE: RNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 511

gggccaguuc aaccacaggu ccccagcuuc cauccauugg uugggugcua guaucugcau
cugacucuuu cagcu

<210> SEQ ID NO 512

<211> LENGTH: 75

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 512

gggagcugau guaugcugec ugguuggugyg cucagugucc uagagaucuc gggauccagg

16

60

75

60
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-continued

ucaguugaga cugcc 75

<210> SEQ ID NO 513

<211> LENGTH: 77

<212> TYPE: RNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 513

gggccaacca caaaugccag caccucuuaa uaacaaucag caugaccucu gccuaagucu 60
uggcuucuuc cucagaa 77
<210> SEQ ID NO 514

<211> LENGTH: 76

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 514

ggggaggaug cccugcacca guacaguaaa ugagugcuug gaggagauca guguggcacu 60
guaaagccua gugugc 76
<210> SEQ ID NO 515

<211> LENGTH: 52

<212> TYPE: RNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 515

gggguguucu uccauuuuce acauucuuca cacuaacaug cgucuucaug cu 52
<210> SEQ ID NO 516

<211> LENGTH: 52

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 516

gggguuuugu aaagggagcece gacggcauag ggcacuagcu cuguccccuc gu 52
<210> SEQ ID NO 517

<211> LENGTH: 64

<212> TYPE: RNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 517

gggcugugau uagugcccau cccauccauu cccucgauaa ccecucaccau cauuuccacu 60
ccag 64
<210> SEQ ID NO 518

<211> LENGTH: 64

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 518

ggggucuaca cuggcuggaa ggaggggaau gagaccaaaa augaugaugc ccuuugacuc 60

ucag 64

<210> SEQ ID NO 519
<211> LENGTH: 62



US 9,447,454 B2

223

224

-continued

<212> TYPE: RNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 519

ccugacggau ccugugacge ccacaguauc ccuguagceag acuggcaugg ccuugecugu

ga

<210> SEQ ID NO 520

<211> LENGTH: 49

<212> TYPE: RNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 520

guguucuucc auuuuccaca uucuucacgc uaacaugcgu cuucaugcu

<210>
<211>
<212>
<213>

SEQ ID NO 521

LENGTH: 24

TYPE: RNA

ORGANISM: Mus musculus
<400>

SEQUENCE: 521

cucauuuuca gauucaucau cuca

<210>
<211>
<212>
<213>

SEQ ID NO 522

LENGTH: 20

TYPE: RNA

ORGANISM: Mus musculus
<400>

SEQUENCE: 522

ucucaucauc auuuucauuu

60

62

49

24

20

What is claimed is:

1. A method for isolating one or more test RNA molecules
having one or more binding sites interacting with an RNA
binding protein (RBP) of interest from a biological sample,
said method comprising the steps of:

(a) irradiating a test biological sample to create an irre-
versible covalent crosslinking between the test RNA
molecules and RBPs of interest in said test biological
sample, thereby generating a sample of covalently-
linked RBP-test RNA complexes which is substantially
absent from a control biological sample which was not
subjected to irradiation, wherein the one or more test
RNA molecules are not modified with a chemical group
to facilitate crosslinking with the RBP prior to irradi-
ating the test biological sample;

(b) cleaving the test RNA molecules of said covalently-
linked RBP-test RNA complexes by contacting said
sample of covalently-linked RBP-test RNA complexes
with a nuclease, thereby generating a first population of
covalently-linked RBP-test RNA fragment complexes;

(c) generating a second population of covalently-linked
RBP-test RNA fragment complexes by selecting cova-
lently-linked RBP-test RNA fragment complexes in
said first population by utilizing a molecule that spe-
cifically interacts with a component of said covalently-
linked RBP-test RNA fragment complexes in said first
population;

(d) purifying said second population of covalently-linked
RBP-test RNA fragment complexes obtained in step (¢)
under stringent conditions comprising the consecutive
steps of:

35

40

45
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(1) washing the complexes with buffer;

(ii) boiling the complexes in a denaturing ionic deter-
gent;

(iii) separating the complexes by SDS-PAGE; and

(iv) transferring said complexes to a substrate that
preferentially binds test RNA covalently crosslinked
to protein over test RNA not covalently crosslinked
to protein;

(e) digesting said RBP with a protease to liberate said
fragments of test RNA from said purified second popu-
lation of covalently-linked RBP-test RNA fragment
complexes; and

() amplifying said fragments of test RN A obtained in step
@),

thereby isolating the one or more test RNA molecules
having the one or more binding sites interacting with
the RNA binding protein of interest.

2. The method of claim 1, wherein said nuclease is RNAse

T1.

3. The method of claim 1, further comprising labeling said
test RNA molecule.

4. The method of claim 1, wherein said substrate is a
nitrocellulose membrane.

5. The method of claim 1, wherein the irradiating of the
biological sample comprises the input of sufficient energy to
produce at least about a 4-fold enrichment in the frequency
of occurrence of the one or more RBP binding sites in the
second population of covalently-linked RBP-test RNA frag-
ment complexes as compared with the expected random
occurrence of the one or more RBP binding sites.

6. The method of claim 1, wherein the irradiating of the
biological sample comprises the input of sufficient energy to
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produce at least about a 10-fold enrichment in the frequency
of occurrence of the one or more RBP binding sites in the
second population of covalently-linked RBP-test RNA frag-
ment complexes as compared with the expected random
occurrence of the one or more RBP binding sites.

7. The method of claim 1, wherein the irradiating of the
biological sample comprises the input of sufficient energy to
produce at least about a 4-fold to an at least about a 10-fold
enrichment in the frequency of occurrence of the one or
more RBP binding sites in the second population of cova-
lently-linked RBP-test RNA fragment complexes as com-
pared with the expected random occurrence of the one or
more RBP binding sites.

8. The method of claim 1, wherein the irradiating of the
biological sample comprises the input of about 400 milli-
Joules per square centimeter of the biological sample.

9. The method of claim 1, wherein the fragments of the
one or more test RNA molecules obtained in step (e) are
amplified by ligating nucleotide linkers to said fragments of
one or more test RNA molecules and subjecting the frag-
ments of the one or more test RNA molecules to reverse
transcriptase-polymerase chain reaction (RT-PCR).

10. The method of claim 9, wherein said nucleotide
linkers are directionally oriented.

11. The method of claim 1, wherein the molecule that
specifically interacts with the component of said RBP-test
RNA fragment complexes is an antibody.

12. The method of claim 1, wherein the one or more
binding sites on the one or more test RNA molecules
interacting with an RNA binding protein of interest comprise
an RNA motif which exhibits a particular structure.

10
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13. The method of claim 12, wherein the RNA motif
comprises a recurring RNA element, structure or sequence.

14. The method of claim 1, wherein the sequence of the
one or more test RNA molecules interacting with an RNA
binding protein of interest is determined.

15. The method of claim 1, wherein the one or more test
RNA molecules interacting with an RNA binding protein of
interest is subjected to RNA footprinting.

16. The method of claim 1, wherein the method is an
unbiased screen.

17. The method of claim 16, wherein the one or more test
RNA molecules interacting with an RNA binding protein of
interest was not predetermined.

18. The method of claim 17, wherein the sequence of the
one or more test RNA molecules interacting with an RNA
binding protein of interest is determined.

19. The method of claim 18, wherein the fragments of the
one or more test RNA molecules obtained in step (e) are
amplified by ligating nucleotide linkers to said fragments of
RNA and subjecting the test RNA fragments to reverse
transcriptase-polymerase chain reaction (RT-PCR).

20. The method of claim 19, wherein said nucleotide
linkers are directionally oriented.

21. The method of claim 1, wherein the test biological
sample is selected from the group consisting of whole tissue
biopsy, tissue sample biopsy and whole organ.

22. The method of claim 1, wherein the test RNA frag-
ment is derived from a transfer RNA, a small nuclear RNA,
a ribosomal RNA, a messenger RNA, an antisense RNA, a
small inhibitory RN A, a micro RNA or a ribozyme.
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